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SEIFTER and Baeder*” 


reported the 


ccurrence of extractable lipid 
nobilizing hormone (LM) in the 
lasma of several animal species, in- 
luding man. They demonstrated that 


ialyzates of plasma from animals ad- 
inistered subjected — to 
tress or to the nephrotic syndrome, 
nhibited the delactescing action of the 
eparin clearing factor. It was further 
hown that the injection of such dialy- 
tes into sensitized animals produced 


cortisone, 


at the 
L956. 


in part, 
November 


meeting of the 


Central Society 


hyperlipemia. 


The inhibition of hep- 
arin clearing 


factor by cortisone ad- 
ministration has been confirmed by 
Meng, Hollet and Cole* and for stress 
by Robinson and Harris*. The presence 
of such an inhibitor of the delactescing 
action of he *parin clearing factor in cer- 
tain clinical hyperlipemias has been 
reported by Klein and Lever*. More 
recently, Seifter and Baeder' have 
recovered LM from the posterior pitui- 
tary of hogs indicating that this hor- 
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mone is either produced or stored at 
that site. These workers had previously 
reported that the pituitary was essen- 
tial for the release of LM in rats sub 


10 


jected to a variety of stresses’, includ- 
ing the administration of protamine, as 
has been confirmed by Schotz and 
Page’. In this connection, it should be 
noted that Bally and Numa! found that 
the pituitary was essential for the pro- 
duction of hyperlipemia in rats sub- 
jected to the nephrotic syndrome. 

The first studies on the effects of 
this lipid mobilizing hormone in man 
were performed by Steiger et al.” 
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the Medical Service for study on the Meta 
bolic Unit of the Veterans Administration 


Hospital. Their respective ages weights, and 
diagnoses are listed in Table 1. The sub 
jects were studied in pairs, each pair re 
maining on the experi ental program tor 4 
weeks but with subse juent tests some 
instances as indicated below 

per. A low fat diet fed to 6 of the 
subjects for 4 weeks. It consisted of a liquid 
formula diet which pre ed a dailv average 
of 2230 ilories derived from 381 irbo 
hydrate, 166 e¢m protein ind 4.8 om. fat 
The first and fourth weeks were control pe- 
riods, while daily intravenous injections of 
LM were given during the second and third 
weeks to 4 of the subjects Table 1 In 
order to assess the effect f the experimental 


TABLE 1.—PATIENTS STUDIED 


D 
Patient Age Sex Weight Diagnosis Fat Int Inject 
29 M 50 kg Epilepsy t S gn LM* 
2. R.H 62 M 62 kg Multiple sclerosis $ 8 gr LM 
.. B.P $2 M 18 kg Multiple sclerosis $8 gr LM 
i. Gs 45 M 50 kg Rheum. arthritis LM 
§. J.J 37 M 58 kg Sickle cell anemia $8 Physiol. NaCl 
6. ©. $8 M 107 kg Early cirrhosis gon Physiol. NaCl 
34 M 75 kg Multipie sclerosis 153.0 gn LM 
&. 3.5 27 M 60 kg Rheum. arthritis 99.0 gm LM 
. LM = lipid mobilizer obtained in dialy zate of plasma from cortisone treated horses 


and Zarafonetis et al.’°. Preliminary ob- 
servations showed a marked elevation 
of the plasma cholesterol, fatty acids, 
and lipid phosphorus resulted from a 
single intravenous injection of LM into 
each of 25 fasting patients. In view 
of these striking responses, it became 
ot interest to extend the observations to 
subjects receiving LM over prolonged 
periods, and to determine the fate of 
the mobilized lipids if possible. Accord- 
ingly, metabolic studies were under- 
taken in patients who were given 
daily injections of LM for 2 weeks. 
The findings in these studies form the 
basis of the present report. 

Material and Methods. Eight adult male 


patients who required prolonged hospitaliza- 


tion for chronic diseases were selected from 


diet itself. the other 2 individuals (J.J. an 


Gi who were on this regimen received 
only placebo injection physiologic il salt 
solution during the second and third weeks 
However, at the concl m of the experi 
mental period the re sponse of both subjects 
to an intravenous injection of LM (5 mg. per 
ke.) was determined. 

Two other patients (].T. and ].S wert 
placed on another dietary regimen intende 
to provide a high fat intake Subject }.1 
was able to ingest a daily average of 15 


gm. fat, 126 gm. protein ind 188 gm. carbo 
hydrate for a total of 2630 calories ].S. con 
sumed, on average, 2061 calories a day, ob 
tained from 99 om. fat, 90 gm protein, and 
202 gm. carbohydrate. Both of these patients 
received daily intravenous injections of LM 
during the second and third weeks of th 
experimental period. In addition, after thes 


individuals had resumed the regular hospital 


diet for a few davs. they were fasted over 


Zaratonetis et al.: 


ed with an intravenous in- 


ti LM > mg pel kg ). 
The lipid mobil- 


EMPLOYED 
e studies was prepared by 


ted plasma trom cortisone 
previously noted (Steiger 
Zarafonetis et al.'5), Therefore 
the active principle, certain 


ind other substances were 
( perimental material, and 
relatively large weight (milli- 
ses used Thus, 1 mg. LM 

nistered, intravenously, on 


2-week injection period 


f iects in this study. On the 
se of LM was increased 
nd then to 5 mg per kg 
The dosage was continued 
tients, R.H., G.S., and ].7 

inin 11 days. In the 

( ind J.S., however, the 

d maintained at 10 mg 
\ r | during the second week 


lwenty-four-hour 
throughout 
analy 7t d 


urine 
were made 
The urines were 
ritonide-Liebermann-Bur- 
content 
digitonice Lieber- 

terial tatty ( Stod- 
D1 lipid phosphorus ( Fiske 


Sul R ind 


nitrogen 
ac ids 
nitrogen determina- 
on dried aliquots of the 
Fasting blood speci- 
or cholesterol (Schoen 
S \ tatty ( Stoddard 
phosphorus ( Fiske 
first third, 
above determi- 


ids 


on the and 

week The 


t the 
Nik 


laboratot ot 


Lic al Re seare h, 


laboratory tests 
Hospital: Serum 
dioxide 


lini il ind 
ert the V.A 
te 


carbon 
scrum amylase wert 
first day of each week, as 
cyte and leukocyte 
ind hematocrit. Se- 
the albumin-globulin ratio 

ete! on the second day of each 
rrothi Din alkaline 
itase phalin flocculation, thymol tur- 

tv, and lipase determinations were made 
fourth day). Electrocardio- 
on the third day of each 


basal metabolic 


counts, 


time, bilirubin 


rate and 


ryt | 
Re ent ¢ ( 
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respiratory quotient were measured on the 


third and fitth days of every week of the 
study. Body weight, te mperature, and_ blood 
pressure were recorded daily 


Results. 1. FAT DIET 
ALONE. a. Plasma lipids. The effect of 
the formula diet itself was studied in 
patients, J.J. and C.L., who were given 
placebo injections of physiological salt 
solution instead of LM during the ex- 
perimental period. Figure 1 depicts the 
total cholesterol, total fatty acids, and 
lipid phosphorus values obtained in 


EFFECTS OF LOW 


subject C.L. during the test period. As 
can be seen, these plasma lipid values 
slightly insignificantly. 
Similar changes were observed in the 
plasma lipids of J.J. At the conclusion 
of the study period, the response of 


declined and 


both subjects to an intravenous injec- 
tion of LM (5 mg. per kg.) was de- 
termined. Baseline values for C.L. were 
total cholesterol, 172 mg. 
per 100 ml.; fatty acids, 180 mg. per 
100 ml.; and lipid phosphorus, 6.0 mg. 
per 100 ml. Four hours after the in- 
jection of LM, the plasma cholesterol 
rose to 396 mg. per 100 ml., the fatty 
acids to 412 mg. per 100 ml., and lipid 
phosphorus to 11.2 mg. per 100 ml. 


as follows: 


Comparable changes were noted after 
injection of LM into J.J. 

b. Fecal lipids. The low fat diet re- 
sulted in a marked decrease from base- 
line values of the fecal fatty acid and 
fecal lipid phosphorus. Fecal choles- 
terol excretion, however, remained rel- 
atively constant (Fig. 2). 

c. Urinary cholesterol. The 24-hour 
urine output of cholesterol was mini- 
mal, averaging 2 to 3 mg. daily (Fig. 2). 

d. Nitrogen excretion. A fall in fecal 
and urinary nitrogen excretion was 
noted in all 6 subjects during the early 
period of low fat intake, and both 
stabilized at the lower levels for the 


nee indicates that the pure LM hormone is effective in man in microgram 
ind Baeder!2 and Zarafonetis et al.1®). 
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Fig. | Plasma lipid levels in subject C.L., a white male with early cirrhosis of liver; low fat 


diet and placebo intravenous injections of physiological saline solution. Note acute responss 


to injection of LM at end of study period 


Fig. 2 Fecal and urinary lipid excretions of subjec t, C.L. Note decrease 
and lipid phosphorus coincident with low fat diet 


in fecal fatty acids 


re 
fin 
to 

pa 
th 


SI 
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remainder of the dietary period. The 
findings in C.L. and J.J. were similar 
to those obtained in the LM treated 
Figs. 9 and 10) and are, 
theretore, not separately illustrated. 


patents 


2. EFFECTS OF LM ADMINISTRATION TO 
SUBJECTS ON LOW FAT DIET. a. Plasma 
Fig 

Fig. 4 
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lipids. A striking and sustained increase 
in plasma cholesterol, fatty acids, and 
lipid phosphorus resulted in all 4 sub- 
jects receiving intravenous injections of 
[M. These responses are graphically 
shown in Figs. 3, 4, 5, and 6. It can 
be seen that the lipid values remained 


Fasting plasma lipid levels of P.G., before, during and after injection of lipid 
mobilizing hormone. 


Fasting plasma lipid values of G.S., low fat diet and indicated LM administration. 


| 
| 
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elevated for a week or more after the 
administration of LM had been dis 
continued 

b. Fecal lipids. Fecal fatty acids 
and lipid phosphorus excretion de- 
creased in a manner similar to that 


Fig. 6 


observed in the dietary control cases. 
However, fecal cholesterol ( digitonide 


precipitated Liebermann-Burchard re 


acting material) increased from ap- 


proximately 200 mg per LOO gm. of 
dried feces to as much as 600 mg. per 


Fig. 5 Fasting plasma lipids of B.P., subject on low fat diet. Note apparent stepwise 


elevation of values with increased increment of LM 


Fig. 6.—Fasting plasma lipid levels of R.H., patient with multiple sclerosis, on low fat diet 
This subject was on isoniazid at time of LM administration 


- 
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100 gm. of dried feces (Figs. 7 and 8). to 2 mg. per day to 4 to 6 mg. daily 
c. Urinary cholesterol. A definite in- (Figs. 7 and 8). 
ease in urinary cholesterol excretion d. Nitrogen excretion. The excretion 


vas observed following administration of urinary and fecal nitrogen was de- 
{f ILM. However, the cholesterol loss creased as a result of the low fat diet 
the urine was raised only from 1 and showed further change 


Fig. 7 
: 
: Fig. 8 
Wiis t 
Increased urinary and fecal cholesterol excretion of subject, G.S. following LM admin- 
, istration. Contrast with control subject, C.L., in Fig. 2 
ait 


§.—Increased urinary and fecal cholesterol excretion of subject, B.P., following LM admin- 


istration. Contrast with control subject, C.L., in Fig. 2 
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Fig. 9.—Initial decrease in urinary and fecal nitrogen excretion of subject, G.S., coincident 
with start of low fat diet. 


Fig. 10.—Initial decrease in urinary and fecal nitrogen excretion of subject, B.P., coincident 
with start of low fat diet. 
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attributable to the administration of due to dietary factors. The administra- 
LM (Figs. 9 and 10). tion of LM failed to elicit any further 

3, EFFECT OF LM ADMINISTRATION TO increase in these plasma components. 
SUBJECTS ON HIGH FAT piET. a. Plasma Of interest in both subjects is the def- 
lipids. Both subjects had some pre-LM _ inite decline of plasma lipid concentra- 
rise in plasma lipid values presumably tion during the period immediately 


Fig 


11.—Fasting plasma lipid values of J.S., patient with rheumatoid arthritis, whose diet 

itained daily average of 99 gm. fat. Note lack of response to LM administration, the sharp 

line in plasma lipids upon cessation of special diet, and the acute response to LM when 
fasting. 


12.—Fasting plasma lipid values of J.T., patient with multiple sclerosis, whose diet pro- 
led an average of 153 gm. fat daily. Note similarity of findings to those of J.S. (Fig. 11). 
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following cessation of the experimental 
diet. As can be seen in Figs. 11 and 
12, the lipids decreased to levels even 
lower than the base-line values. At this 
point, both subjects were tested after 
an overnight fast and found to respond 
promptly to an injection of LM. 

b. Fecal lipids. The fecal extraction 
ot fattv acids was definitely increased, 
while minor increases occurred in lipid 


there were no significant changes in 
urinalyses, serum electrolytes, blood 
glucose, serum proteins, hemograms, 
liver function tests, electrocardiograms, 
and blood pressure. The exception was 
R.H., a 62-year-old man with multiple 
sclerosis, who Was also receiving 
isoniazid, 100 mg., t.i.d. This subject 
developed periods of confusion during 
the second week of LM administration, 


+ 
Fig. 13 Fecal and urinary excretion of lipids by }.] = patient on high fat diet Note increased 
fecal fatty acid output In contrast to subjects on low fat diet The fecal lipid phosphorus 1S 
fairly constant There is no sharp rise in fecal and urinary cholesterol excretion as was 


observed following LM administration to subjects on a low fat diet 


phosphorus and cholesterol excretion 
(Fig. 13 

c. Urinary cholesterol. Excretion of 
urinary cholesterol remained in a 
range of 2 to 4 mg. daily (Fig. 13). 

d. Nitrogen excretion. In contrast to 
the subjects on the low fat diet, these 
patients showed no significant decline 
in fecal nitrogen excretion, and only a 
small initial fall in urinary nitrogen 
excretion 

4. CLINICAL AND LABORATORY TESTS. 
With one exception, to be noted below. 


and signs of a mild hepatitis. At this 
time, the bromsulfalein test revealed 
12.5% dye retention after 45 minutes 
The alkaline phosphatase rose to 17.3 
units from a base-line of 8.0 units, and 
the cephalin flocculation test became 
3 plus (base-line 1 plus). The serum 
glutamic-oxalacetic transaminase, which 
was 64 units at the beginning of the 
study period, reached a high of 192 
units at this time. LM and _ isoniazid 
were discontinued and the values soo1 
returned to base-line levels. One pa 
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tient, B.P., gained 13 Ibs. while on 
the metabolic unit, but none of the 
other subjects showed any significant 
weight change. There was some varia- 
tion in the respiratory quotient results, 
hut these were inconsistent and did not 
appear to be influenced by the adminis- 
tration of LM. 

Discussion. The intravenous admin- 
istration of lipid mobilizer to subjects 
on a low fat diet resulted in a remark- 
able increase in plasma cholesterol, 
fatty acids, and lipid phosphorus. This 
effect was sustained as long as the in- 
jections were continued. After LM 
idministration was stopped, however, 
the lipid values gradually declined to 
pre-injection levels in a week or two. 

During the period of ILM induced 
hyperlip. mia, there was a definite in- 
crease m urlma’ry and fecal cholesterol 
excretion. However, the cholesterol 
loss in the urine was raised only from 
| to 2 mg. per day to 4 to 6 mg. daily. 
At the same time, fecal cholesterol, 
that is digitonide-precipitated Lieber- 
mann-Burchard reacting material, in- 
creased from approximately 200 mg. 
per 100 gm. of dried feces to as much 
is 6U0 mg. per 100 gm. of dried feces. 

The subjects on the low-fat diet 
regimen 1S gm. per day ), also ex- 
hibited decreased excretion of fecal 
fatty acids and lipid phosphorus, and of 
fecal and urinary nitrogen. These find- 
ings, however, were attributable to the 
diet itself since the same changes were 
noted in the patients who received 
placebo injections as well as in those 
who were given LM. Thus, of the ob- 
served effects, the sustained hyper- 
lipemia and increased urinary and fecal 
cholesterol excretion resulted from the 
injection of LM. While the increase in 
fecal and urinary cholesterol excretion 
is definite in these subjects, it should 
be evident that it accounts only for a 
fraction of the total amount mobilized. 
The fate of the remainder, as well 


of the other plasma lipid components, 
remains to be explained. In any event, 
there is nothing in these observations 
to suggest that LM enhances the 
metabolism of lipids addition to its 
mobilization of them. 

It should be noted further that the 
above indicated effects were the only 
changes detected in these subjects. 
Serum electrolytes, glucose, proteins, 
hemograms, and re spiratory quotients 
showed no significant change. One sub- 
ject gained 13 Ibs. but he had had an 
acute weight loss prior to admission 
to the metabolic study. Another, who 
was also receiving isoniazid for mul- 
tiple sclerosis, did manifest clinical and 
laboratory evidence of impairment of 
liver function. This subsided shortly 
after isoniazid and LM administration 
were discontinued. 

In contrast to the findings in the low- 
fat diet subjects are the observations 
in the 2 patients who were fed a daily 
average of 99 gm. and 153 gm. of fat, 
respectively. Both of these individuals 
had some pre-LM rise in plasma lipid 
values, apparently due to the diet. The 
daily intravenous injection of LM into 
these subjects, however, did not elicit 
any further increase in the plasma lipid 
components. Of interest in both cases 
was the observation of a sharp decline 
in the concentration of plasma lipids 
during the period immediately suc- 
ceeding the — rimental diet. It seems 
reasonable to assume that a lipid re- 
moval or clearing mechanism had been 
activated, presumably by the relatively 
high fat intake, and that this mecha- 
nism continued to operate, thereby 
reducing the plasma lipids to values 
even lower than had been found at 
the beginning of the experimental 
period. 

It is also of interest that neither of 
these subjects exhibited the increase in 
fecal and urinary cholesterol excretion 
which was induced by LM in the low- 
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fat diet patients. That these subjects 
were not otherwise refractory to LM 
is evident from the plasma lipid re- 
sponse observed when they were 
tested a few days after conclusion of 
the special feeding program. 

These observations have extended 
and added information concerning the 
effects of lipid mobilizer in humans. 
On the basis of these and other studies, 
it would appear that certain metabolic 
posture or postures must be present tor 
the lipid mobilizing effect either to be 
elicited or manifest, or both. A diet 
providing a high fat intake, for example, 
blocks the response to LM, while a 
greatly restricted fat intake does not. 
Studies designed further to define these 
conditions and to determine clinical 
relationships of possible LM derange- 
ments are underway in these clinical 
and experimental laboratories. 


Summary and Conclusions. |. Lipid 
mobilizer was administered daily for 
2 weeks to 4 patients maintained on a 
diet which provided only 4.8 gm. fat 
daily. In these individuals, there re- 
sulted a striking elevation of plasma 
cholesterol, fatty acids, and lipid phos- 
phorus, and a definite increase in fecal 
and urinary cholesterol excretion. 

2. These effects were not observed 
when LM was administered to 2 other 
subjects who were maintained on diets 
providing 99 gm. and 153 gm. of fat 
daily, respectively. 

3. Response to LM appears to de- 
pend on appropriate metabolic condi- 
tions at the time of injection. A diet 
very low in fat content permits a 
marked hyperlipemia following LM 
administration, while a high fat diet 
prevents such a response to similar 
amounts of LM. 
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SULFAMETHOXYPYRIDAZINETt is a new 
sulfonamide with unusual properties. 
On a dosage basis it was found to be 
everal times as potent as sulfisoxazole 
Gantrisin) and sulfadimidine ( Elko- 
in) against experimental infections of 

ice with several susceptible organ- 
ms. On a basis of blood levels it was 
so shown to be more effective than 
these agents, its antibacterial activity 
eing equivalent to that of sulfadia- 
ne or the triple sulfonamide mixture 
mtaining equal amounts of sulfadia- 
ne, sulfamerazine and sulfamethazine 

Litchfield It has low toxicity in 
Litchfield’”, Roepke, Maren 
d Mayer'*). It is well absorbed after 
il administration and diffuses well 
to body 
its good diffusion into the cerebro- 
Huid (Boger, Strickland 


iimals 


fluids, at least as evidenced 


inal and 


Aided by Grant 


Sulfamethoxypyridazine is of partic- 
ular interest because its free form is 
very slowly excreted in the urine, yield- 
ing higher and better sustained levels 
in the plasma than any of the other 


known and useful antibacterial sul- 
fonamides (Boger, Strickland and 
Gvle!, Foerster et al.*, Frisk and 


Wassen*, Grieble and Jackson®, Jones 
and Finland’, Jones et al.*, Litchfield’, 
Nichols and Finland", Nichols, Jones 
and Finland’*, and Roepke, Maren and 
Mayer'*). The conjugated form is ex- 
creted into the urine much more rap- 
idly than the free form so that only 
a small proportion of the drug found 
in the plasma is in conjugated form 
( Boger, Strickland and Gyle', Foerster 
et Frisk and Wassen*, Litchfield’’, 
Nichols and Finland"', Nichols, Jones 
and Finland'*, and Roepke, Maren and 
Mayer'*). Both the free and conjugated 


(E-23) from the National Institutes of Health. 


‘The sulfamethoxypyridazine was generously supplied under the trade-mark Kynex by 


rle I abor itories Division 


American Cyanamid Co., Pearl River, N.Y. 
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forms are highly soluble in urine _ priate intervals after each dose. Complet 
( Litchfield” and Roepke Maren and_ Collections of urine were made for detailed 


Mayer'’). This agent has been used aye 
successfully and was well tolerated in Finiand!! and Nichols, Jones and Finland!2 
early trials for the prevention ot strep- during the other dosage regimens, speci 
tococcal infections and rheumatic fever mens of urine voided at the time when th 

(Lepper, Simon and Marienfeld®) and blood was drawn were collected —— 

of the patients. Concentration of free and 


In the prevention and treatment of total sulfamethoxypyri la ine In the blood 
some urlmary tract and other intections and urine were assaved by the method ot 
( Frisk and Wassen?. Grieble and Bratton ind Marshall Che chemical determi 


>. ‘ . itions were ed out b ss ‘ 
Jackson®, Jones and Finland*, Nichols were carried by Miss Ellen J 
Doyle and Miss Mary I. Kendrick 


and Finland'', Ross, Ahrens and 

Zaremba!*, and Walker and Ham- Results. Some of the data obtained 
burger! The present paper deals in the subjects who were given single 
with observations on levels of sulfa- doses of 4.0 to 3.0 gm. of sulfamethoxy 


methoxypyridazine in blood and urine pyridazine have been reported in 


TABLE 1.—SEX, AGE AND WEIGHT OF RECIPIENTS OF VARIOUS DOSAGES 


Dosage Regimen Ser {ges (yrs W hts 
4.0 gm., single dose 6M 24, 24, 25, 26, 34, 36 65, 75, 75, 80, 85, 85 (Av. 74 
3.0 gm., single dose 7M 24, 24, 25, 25, 27, $4, 36 68, 75, 75, 80, 85, 88, 90 (Av. 80 
2.0 gm., then 1.0 gm 2F, 5M 41, 49, 53, 54, 70, 72, 73 50, 55, 55, 59, 72, 74, 80 (Av. 64 


every 24 hrs 


1.0 gm. every 24 hrs 2F, 1M 62, 67, 70 50, 52, 73 (Av. 58 
1.0 gm., then 0.5 gm 2F, 5M 57, 68, 71, 72, 72, 738, 85 50, 50, 54, 61, 68, 68, 73 (Av. 62 


every 12 hrs. 


0.5 gm. every 12 hrs IF, 5M 35, 45, 47, 50, 60, 68 59, 60, 64, 73, 75, 82 (Av. 69 

1.0 gm. every 48 hrs 3F, 4M 17. 27. 36, 62, 62. 65. 66 31. 36, 41, 49. 64, 73, 78 (Av. 53 
during oral administration of various detail elsewhere Nichols and Fin 
dosages and provides data which may _ land"', Nichols, Jones and Finland’ 


aid in the choice of a proper dosage these included concentrations of th 
regimen for optimum clinical applica- drug in plasma and urine, distribution 
tion of this potentially useful agent. between plasma and blood cells, renal 
clearances and total urinary recoveries 

Materials and Methods. Single doses of 4.0 


. The levels in blood and urine during 
and 3.0 gm. were given to normal adult 


males; other dosage regimens were employed repeated doses of 0.5 gm. every I 
in hospitalized adult patients, many of whom hours have also been presented, and 
were elderly and had infections of the urinary the blood levels from this dosage wer 
tract for which they had not recently re- 


found to be comparable with those ob 
ceived any sulfonamide drugs. None of these 


tained when the chemicallv relatec 
patients had gross impairment of renal func- } 


tion and the concentrations of nonprotein sulfachloropyridazine was given t 
nitrogen in their blood was within normal similar patients in doses of 1 gm. ever 
limits for such patients. The sex, ages and 6 hours | Jones and Finland®, and Jone 
weights of the patients included in the q]7). 
study of the various dosage regimens are 
listed in Table 1. The doses were given at 
stated times each day, and oxalated venous 18 hours were also included with a 
earlier report (Nichols and Finland”! 


Levels in plasma and urin 
during administration of 1.0 gm. ever 


blood was obtained just before and at appro- 


I 

} 
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lwo other dosage regimens were em- 
ployed for the present study, as indi- 
ited in Table 1. In addition, the dose 
1.0 gm. every 24 hours was given to 
patients without the larger initial 
dose, so that a total of 7 different 
dosage regimens were available for 
In this paper all of the blood levels 
ire reported as concentration in whole 
blood. Since all or nearly all of the 


ifamethoxypyridazine in freshly 


pyridazine in the plasma over a period 
of several days. This cumulation in the 
blood was even more striking when 
doses of 0.5 gm. were given every 12 
hours (Jones et al.7). With the latter 
dose the blood levels obtained during 
the first day were rather low. Observa- 
tions were therefore made with two 
other dosage regimens in which a 
larger initial amount was given. The 
concentrations of drug in whole blood 
obtained with an initial dose of 2.0 


LEVELS OF SULFAMETHOXYPYRIDAZINE IN BLOOD OF PATIENTS 
GIVEN INITIAL ORAL DOSE OF 2.0 GM FOLLOWED BY 1.0 GM EVERY 24 HOURS 
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Fig. 1. 


rawn oxalated human blood’ was 

ually found in the plasma and little 
r none in the blood cells (Nichols and 
Finland and Nichols, Jones and 
Finland these levels in whole blood 

ay be, on the average, only about 
60% of the corresponding concentrations 
tound in the plasma. 

In the previous study (Nichols and 
Finland! when doses of 10 gm. 
vere given every 48 hours, a slight but 
lefinite cumulative effect was noted in 
he concentrations of sulfamethoxy- 


gm. followed by 1.0 gm. every 24 hours 
are shown graphically in Fig. 1. and 
those found during treatment with 
an initial dose of 1.0 gm. followed by 
0.5 gm. every 24 hours are depicted 
in Fig. 2. With both of these regimens 
there were wide variations in the con- 
centrations found in different patients; 
these were much greater than could 
be accounted for by _ differences 
in weight of the patients. There 
was also some cumulative effect 
in the blood levels of the drug on 
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URINARY EXCRETION OF SULFAMETHOXYPYRIDAZINE 


DURING TREATMENT WITH TWO DOSAGE REGIMENS 


DOSAGE 
REGIMEN 


INITIAL DOSE 2.0 GM, 


THEN 1.0 GM EVERY 24 HR 
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both regimens, but this was not nearly 
so marked as in the patients who re 
ceived 0.5 gm. every 12 hours ( Jones 
et al. 

Fhe concentrations of the free drug 
ind the cent of drug recovered 
n the conjugated form in the indi- 
vidual specimens of urine are presented 


pel 
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in the urine were usually several times 
those found in the plasma, but concen- 
trations of 50 mg. per 100 ml. or higher 
of the tree drug were not found in 
any of the urines of the patients on 
the smaller doses and were infrequent 
among those who received the larger 
doses. 


CONCENTRATIONS OF SULFAMETHOXYPYRIDAZINE 
IN BLOOD AFTER SINGLE ORAL DOSES 
14 OOSE 
13-4 r GM 
(NUMBER 
i2-4 TESTED) 
(7) 
<q < 10- | 
ao 
= 
a 
> a4 a 2.0 GM 
x ™ 
w * | / (7) 
~ 
at 
= 
GM 
= #4 (7) 
W 
23 
0.5 GM 
(6) 
3 6 12 i8 24 
HOURS AFTER DOSE 
Fig. 4. 
iphically in Fig. 3; the average of Comparisons of the average concen- 


he values at the various 
tervals are also shown in this figure. 
nsidering the fact that these were 
sentially random samples and fluid 
take not contrfolled and varied 
irkedly in these patients, the varia- 
ons in concentrations of the drug in 
ie urine particularly in the average 
ilues, were not remarkable. Concen- 
itions of free sulfamethoxypyridazine 


obtained 


Was 


trations of the free drug in whole blood 
after single or initial doses ranging 
from 4.0 gm. to 0.5 gm. are shown in 
Fig. 4. Peak concentrations were 
reached in each instance within 3 
hours and were then sustained over a 
period of 3 or 4 hours. The average 
concentrations over most of the first 
24 hours appeared to be nearly propor- 
tional to the dose, and the decline in 
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the levels was roughly at the same 
rate, although that appears to be less 
certain from these data. 

The maximum, minimum and aver- 
age values for the concentrations of 
both free and total sulfamethoxypyrida 
zine in whole blood at about the time 
of the expected peaks, and the lowest 
values obtained just prior to some of 
the doses during continuous therapy 
are listed in Table 2; additional- values 
for the first and other early doses are 
also included in this table. Only mod- 
erate variations, usually within a 2-fold 
range, were noted in the concentrations 
y different individuals at 
the same time following the same 


achieved by 


doses, although greater variations were 
observed after several days of treat- 
ment with doses of 0.5 gm. every 24 
hours. Here again, the average level 
at any given time during treatment 
was roughly proportional to the dose. 

Table 3 lists the ranges and average 
values for the concentrations of free 
sulfamethoxypyridazine in the urines 
collected during administration of the 
various dosages; the per cent of the 
corresponding values for total drug 
that was determined as the conjugated 
form are also shown in this table. As 
already noted, fluid intake was not 
controlled in these cases, and nearly 
one-half of the specimens were col- 
lected 24 hours or longer after the 
preceding doses. There were, therefore, 
wide variations in the concentrations 
of urine obtained at the same time 
from different individuals on the same 
dosage regimen. Also, as might be ex- 
pected from the well sustained blood 
levels of free drug associated with its 
low renal clearance, as compared with 
the low concentrations of conjugated 
drug in the blood accompanying the 
much faster rate of clearance of the 
latter, the concentrations of free drug 
in the urine were relatively low. 
whereas the proportion of the ‘urinary 
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sulfonamide determined as the conju 
gated form was relatively large when 
compared with other, more rapidly ex 
creted sulfonamides. This was well 
illustrated in the comparisons with the 
concentrations of drug excreted after 
doses of the closely related  sulfa- 
chloropyridazine (Jones and Finland’, 
and Jones et al.*). 

Comment. From the data presented 
and from other similar observations it 
should be possible to select the opti 
mum dosage regimen for the various 
purposes for which this sulfonamide 
may prove useful Obviously only 
broad deductions can be drawn from 
these data, since the number of sub- 
jects studied with each regimen was 
small and the individual variations 
were often too large to permit detailed 
statistical verification of the significance 
of all the differences observed. Statis- 
tical analyses‘are therefore omitted. At 
least some of the wide variations 
observed in the values obtained in dif- 
ferent subjects may be accounted for 
by differences in weight of the patients 
and particularly in their ages, for al 
though gross impairment of renal func 
tion was not observed in any of them, 
there was undoubtedly some reduction 
in this function in the elderly patients 

From the data shown in Figs. 1 and 
tf and in Table 2 it would seem that 
a single or initial oral dose of 2.0 gm 
of sulfamethoxypyridazine should pro- 
vide, within 3 to 5 hours, and maintain 
over the rest of a 24-hour period, con- 
centrations of free sulfonamide in whole 
blood that may be considered optimum 
when compared with those obtained 
with considerably larger doses of other 
active sulfonamides. This is particularly 
true when one takes into consideration 
the concentrations in the plasma, 
which although not shown here. were 
higher than the corresponding levels 
in whole blood by from 50% to nearly 


| 
t] 
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100% (with hematocrits ranging from 
55 to 50 

The optimum levels of this or other 
sulfonamides that should be maintained 
in blood on plasma cannot be stated 
ategorically, for that will vary with 
the purpose for which the drug is used. 
from other 
iwailable data, that the incidence and 
everity of untoward reactions such as 


It is reasonable to assume, 


fever, rashes and perhaps also bone 
marrow depression, may be in propor- 
tion to the concentr: itions of the drugs 
that are maintained in the blood and 
t therefore, 
therapeutic 
ind prophylactic potentialities of the 
iwious dosages and the duration of 
against their potentialities for 
untoward effects, taking into 
likelihood that the 
tter would probably affect only a 
relatively small proportion of the total 
number of patients treated. 


issues Lehr* It would. 


« necessary to weigh the 


their use 
producing 


onsideration the 


From these considerations, and until 


nore, well documented information 


becomes available from patients ac- 
ily treated under controlled condi- 
ons, it seems justifiable to make some 
commendations as to proper dosage 
ysimens. If a short course of treatment 
to be given for a serious infection or 
the drug is to be used for the treat- 
ent of infections due to organisms 
' it would 
reasonable to recommend for adults 
initial dose of 2.0 gm. followed by 
0 gm. every 24 hours for a few days 
pn to one week) after which the 
should be discontinued or re- 
ced to 0.5 om. daily. 


it are not highly sensitive, 


y. For most thera- 
however an_ initial 
followed by 0.5 gm. 
adequate, 


utic purposes, 
se of 1.0 om. 
rv 24 hours should be 

though the larger initial dose may 
one ible to achieve and maintain 

r levels, especially during the first 

pole even for several days. 
It is desirable, when daily doses are 
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given even in amounts of only 0.5 gm. 
each 24 hours to check the blood levels 
after a few days in order to ascertain 
that absorption is adequate and that 
there is no undue retention of the drug. 
This should be mandatory for this drug, 
as with any other sulfonamide, when 
used in patients who are suspected of 
having impaired renal function, _ if 
treatment is to be continued with 
safety. Blood counts should also be 
done during prolonged treatment. 

For prophylactic purposes the dose 
of 0.5 gm. daily is probably slightly ex- 
cessive, but may be necessary as a 
patients with uri- 
nary tract infections due to susceptible 
organisms (Grieble and Jackson®, and 
Jones and Finland®). Smaller or less 
frequent doses are clearly indicated 
in the prevention of ag ag al in- 
fections and rheumatic fever. Lepper, 
Simon and Marienfeld® found a dose 
of 30 mg. per kg. once a week to be 
successful in their preliminary obser- 
vations. This would correspond to a 
dose of 1.5 to 2.0 gm. once weekly for 
adolescents or adults weighing 50 to 
67 kg., respectively, or a dose of 0.5 to 
1.0 gm. in children weighing up to 33 
kg. Grieble and Jackson® using 0.5 gm. 
daily over pe ‘riods of 1 to 150 days in 
patients with urinary tract infections 
reported mean concentrations of free 
sulfonamide in blood, serum and urine 
to be 9.0, 10.3 and 17.1 mg. per 100 ml., 
respectively; the corresponding con- 
centrations of total sulfonamide were 
9.7, 12.1 and 28.9. These figures for 
blood and serum, incidentally, suggest 
a greater penetration of this drug into 
red blood cells than was demonstrated 
in freshly separated specimens of 
oxalated blood after single doses in hu- 
mans in this laboratory, and correspond 
more closely to the findings reported 
by Roepke, Maren and Mayer"? in dogs. 

Summary and Conclusions. Concen- 
trations of sulfamethoxypyridazine 
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(Kynex) in blood and urine were de 
termined in normal men after single 
oral doses of 4.0 and 3.0 gm. and in 
hospitalized adult patients under treat 
ment with 5 different dosage regimens. 
The data are offered as an aid in the 
selection of proper dosage regimens 
for the prophylactic and therapeutic 
application of this new and potentially 
useful sulfonamide. 

In the treatment of most susceptible 
infections in adults an initial dose of 
1.0 gm. followed by 0.5 gm. every 24 
hours appears to prov ide adequate con- 
centrations in the blood of most 
patients. An initial dose of 2.0 gm. is 
suggested when higher blood levels are 
desired early in the course of treatment, 
and daily doses of 1.0 gm. may be 
required during the first few days 
when high and well sustained levels 
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are required for infections that are 
severe or for those caused by less sus 
ceptible organisms. For prophylaxis of 
streptococcal infections and rheumatic 
fever the dose of 30 mg. per kg. of 
body weight (1.5 to 2.0 gm. for ado- 
lescents or adults weighing up to 67 
kg.) once a week, as suggested by 
Lepper, Simon and Marienfeld’, ap 
pears to be reasonable and adequate. 
When treatment with sulfamethoxy- 
pyridazine is continued for a week or 
longer, it is highly desirable to deter- 
mine the concentration of the drug in 
the blood in order to ascertain whether 
absorption is adequate without exces 
sive cumulation; this is mandatory when 
this drug (or any other sulfonamide 
is used in patients known or suspected 


of having impaired renal function. 
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IRON ENZYMES IN IRON DEFICIENCY. 


By ERNES1 


kre l Phe 


I. CYTOCHROME C°* 


BEUTLER, M.D. 


Argonne Cancer Research Hospital and The Department of Medicine, 


University of Chicago, Chicago, Illinois 


Inon deficiency anemia is among the 
disorders. 
symptoms of iron deficiency 


most common of clinical 


Yet, the 
inemia, the fatigue, headache, dyspnea 
ind paresthesias, have received little 
ittention. While it is generally assumed 

that these symptoms are due chiefly 
to the no experimental evi- 
lence supports this view. 

It is understandable 
hould he 


anemia 


that 
the 
hemoglobin level of these patients be- 
the easily 
measured iron compound in the body. 
Furthermore, it 


attention 
focused on decreased 


LLIS¢ 


hemoglobin is most 
is often believed no 
ther origin for the symptoms of iron 
leficiency is possible, because of the 
treque ntly re peated statement that the 


body tenaciously guards its iron en- 
vymes in iron deficiency (Goodman 
ind Gilman*, Hahn'?, Paul?°, and 
Theorell et al.2*). By exclusion, this 


wes only the hemoglobin for consid- 
ration. As attractive as the view that 
ron enzymes are normal in iron de- 
iency may be, however, a search for 
vidence is less rewarding. Indeed, the 
vidence appears to be limited to the 
ly by Hahn and Whipple’ of iron 
the perfused tissues of a single, iron- 
ehcient though these 
thors exercised considerable care to 


dog. Even 
the tissue from blood, it is appar- 
when we consider that the cyto- 
rome ¢ iron of a gram of muscle is 
juivalent iron con- 
ned in one-sixth thousandth ml. of 
od, that it is impossible to draw 
nclusions enzyme 


; 


to the amount of 


about iron from 


| resente 


iron in the ash of perfused tissues. 

\ number of clinical observations are 
not explained satisfactorily by assuming 
that iron deficiency is a disorder in 
which the effect of the blood is of the 
greatest importance. It has been ob- 
served frequently that iron-deficient 
patients receiving iron therapy, par- 
ticularly when given parenterally, 
undergo marked symptomatic improve- 
ment before any rise in hemoglobin 
(Beutler®, Brown et al.', 
Heilmeyer and Plétner', and Jennison 
and Ellis'?). Furthermore, we have 
been impressed by the almost com- 
plete lack of correlation between the 
degree of anemia and the severity of 
symptoms 


occurs 


observed iron- 
deficient patients*. The epithelial signs 
that occur in iron deficiency, the 
changes in nails, mouth and esophagus, 
cannot be explained on the basis of 
the anemia alone and, indeed, Walden- 
strom has claimed that they may occur 
in the absence of any anemia*’. 

In view of these findings, it is sur- 
prising that more exhaustive studies of 
iron enzymes in iron deficiency have not 
been carried out. A few isolated perti- 
nent observations have been made, 
usually secondary to investigations of 
copper deficiency. Thus, Cohen and 
Elvehjem* found that the absorption 
bands of cytochromes b and c were 
reduced in intensity in iron- and copper- 
deficient rats and were not restored by 
treatment with copper alone. Indo- 
phenol oxidase (cytochrome oxidase ) 
and cytochrome a, on the other hand, 


| before the American Society for Clinical Investigation at Atlantic City, N.]., May 
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were reduced markedly in copper and 
iron deficiency and were restored to 
normal by the addition of copper alone. 
Vannotti** refers to lower cytochrome c 
levels in iron-deficient rats but presents 
to support this contention. 
Most recently, Gubler, Cartwright, and 
Wintrobe 


c and cytochrome oxidase content of 


no data 
' determined the cytochrome 


tissues of 3 pigs who received a milk 
diet supplemented with copper. There 
was some reduction in cytochrome c 
concentration but no reduction in total 
organ cytochrome c of these iron-de- 
No change in 
chrome oxidase was observed in these 
pigs but copper-deficient pigs showed 
a marked enzyme. 
These authors attempted to explain the 
differences between their findings and 
the conclusions of Hahn and Whipple’ 
on the difference in the 
severity of the iron deficiency of their 


ficient animals. cyto- 


decrease in this 


basis of a 


animals. The catalase content of iron- 
deficient rat 
essentially 


livers was found to be 
y Adams’, but 
Schultze and Kuiken?? found decreased 
catalase activity in the liver, kidney, 
and blood of iron-deficient rats. Lahey 
et al.'* reported a slight decrease in 
liver iron-deficient pigs, 
but no change in red cell or kidney 
catalase. Observations on the effects of 
iron deficiency on myoglobin have also 
vielded contradictory Early 
necropsy observations appear to show 
some decrease in myoglobin in the 
muscles of  iron-deficient patients 
(Gunther'!). These reports are difficult 
to evaluate. In some of their earlier 
studies, Whipple, Groth and Robscheit- 
Robbins concluded that there was some 
decrease in the myoglobin content of 
muscles of dogs made anemic by 
bleeding or by being fed a bread 
diet?®:*7 Subsequently, however, Hahn 
and Whipple concluded that the 


normal by 


catalase of 


results. 


°The entire procedure was carried out in the cold. 
Centrifugation time in the final trichloracetic acid concentration st 
was increased to one hour and was carried out in a cooled centrifuge 


re-extracted at pH 3.5. 
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anemia of bleeding caused no decrease 
in myoglobin'*. The method used in 
these studies was not specific for myo- 
globin and in some instances it is not 
certain that the animals were actually 
iron deficient. In Bidrck’s® careful 
studies of myoglobin in man, no clear 
distinction was made between types of 
data however, 


anemia. His suggest, 


that cases 72 and 127 were iron defi- 
cient. In these patients there was no 
decrease in myoglobin concentration of 
the muscles examined. Gubler, Cart- 
wright and Wintrobe'’, on the other 
hand, 
levels in the muscles of 3 iron-deficient 


reported lowered myoglobin 
pigs. 

caretu 

\ ful 


enzvmes in iron deficiency, therefore, 


re-examination of iron 


appeared to be in order. As a model 
we chose to measure the concentration 
of cytochrome c because of its well- 
known biologic importance and because 
its concentration may be measured 
spectrophotometrically entirely inde- 
pendently of any blood that may be 


retained in the tissues. 


Methods and Materials. Fifty 
Sprague-Dawley rats, aged 4 weeks, wer 


to 70 gm 


offered either a normal diet or iron-deficient 
diet. The normal diet consisted of a modifica 
tion of the 4c diet used by Wissler and his 
co-workers?8. The  iron-deficient diet was 
identical except that no ferrous sulphate was 
included. The iron content of the normal 
diet was 21 to 22 mg. of iron per 100 gm 
while the iron-deficient diet contained 1 to 2 
\t appropriate inter 


puncture 


mg. of iron per 100 gm 
vals all rats were bled by cardiac 
Hemoglobin concentrations were determined 
spectrophotometrically is alkaline oxyhemo 
globin using individually calibrated pipettes 
Red cell counts performed usin 
National Bureau of Standard certified pipettes 
and hematocrits were measured by means 
micro-hematocrit tubes 

The concentration of cytochrome c in tl 
liver and kidneys was determined using 
modification® of the method of Potter an 
DuBois?'. 


The precipitate formed at pH 7.0, w 
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Experimental Results. One animals gained weight normally (Fig. 
group of 3 rats was fed the normal 1) and remained in good general 
diet and another group of 3 rats, the health. However, the hemoglobin con- 
iron-deficient diet. One milliliter of — tent of the blood of the rats receiving | 
blood was drawn by heart puncture the iron-deficient dict fell below that 
at the initiation of the experiment, after of rats receiving the normal diet ( Fig. 
! week, and after 34 weeks. All of the 2). At the end of S weeks, the rats 
CONCENTRATION OF CYTOCHROME C IN THE LIVER OF SIX ‘ 
BLED RATS RECEIVING NORMAL AND IRON DEFICIENT DIETS 


(EXPERIMENT |!) 


12 
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a 
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= o 4} 
= — iron deficient diet 
0 
Fig. 3 
CONCENTRATION OF CYTOCHROME C IN THE KIDNEYS OF 
SIX BLED RATS RECEIVING NORMAL AND IRON DEFICIENT DIETS 
(EXPERIMENT 1) 
20} 
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15} 
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TE al 


Beutler: 


were sacrificed and the cytochrome c 
concentration of liver and kidney was 
determined 3 and 4). In spite 
of the minimal decrease of the hemo- 

of the blood of 
rats, a marked de- 
concentration 


( Figs. 


vlobin 
the 


concentration 
iron-deficient 


cre cytochrome 


ih 
Was obse rved. 

The was very 
similar to the first. Bleeding was car- 
ied out periodically, and the animals 


second experiment 
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tration live 


of cytochrome was. strik- 
ing. In the first experiment the kidney 
and liver weights were not recorded. 
In this experiment such measurements 
were made, and it was, therefore, 
possible to express the kidney and 
liver cytochrome c as the total amount 
of cytochrome c in these organs. Be- 
cause the liver and kidneys of the iron- 
deficient animals were somewhat 
smaller than those of the control ani- 


IRON 


DEFICIENT DIETS 


gms) 


\ 
\ 
\ 


Weight 


° 
at 


eceiving the iron-deficient diet became 
nemic (Figs. 5 and 6). The rate of 
leeding was reduced so that the hemo- 
lobin returned to normal even in the 
n-deficient animals. At the end of 
pproximately 26 weeks, the rats were 
.crificed and peripheral blood counts 
nd liver and kidney cytochrome c 
eterminations were carried out. The 
ertinent data are presented in Table 
ind Figs. 7 to 10. While the decrease 
concentration of kidney cytochrome 
is slight, the decrease in the concen- 


(EXPERIMENT 2) 


normal diet 
iron deficient diet 
blood drawn 


+. 4 4 4 

6 20 2 2 26 

Weeks 

5. 

mals, this served to accentuate the 

difference (Figs. 9 and 10). 
Discussion. Cytochrome was 


chosen only as an example of an im- 
portant iron enzyme. We have no 
reason to suggest that cytochrome c is 
particularly important in the sympto- 
matology of iron deficiency, or even 
that such marked degrees of cyto- 
chrome c depletion as were observed 
result in any functional disturbance. 
However, these experiments do show 
conclusively that all iron enzymes are 
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THE HEMOGLOBIN CONCENTRATION OF THE BLOOD OF SIX RATS 
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CONCENTRATION OF CYTOCHROME C IN THE LIVER OF 
SIX BLED RATS RECEIVING NORMAL AND IRON DEFICIENT DIETS 


(EXPERIMENT 2) 
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524 The 
not tenaciously protected by the iron- 

animal. On the contr: iry, the 
that we have examined in this 
more 


deficient 
enzyme 
study, cytochrome c, is 
tible to depletion than is hemoglobin. 
Available indicates that the 
turnover of cytochrome c is quite slow 
(Helwig and Greenberg", and Theorell 
et al.**). It that when 
a small amount of iron is available, 


suscep- 


evidence 


would seem 
only 
mecha- 


the hemoglobin synthesizing 


nism is more successful in competing 
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may be 


whether the iron-deficient state ' 
symptomatic in patients without ane 
That this may be the « 
suggested previously by Jasinski and 
Roth'*®. The work that these 
authors have done on this subject has 
little 


This is probably due to the fact that 


mia. case has been 


extensive 
however. 


achieved acceptance, 


their claims of symptomatic benefit in 
patients given iron are based on studies 


SIX BLED RATS RECEIVING NORMAL AND IRON DEFICIENT DIETS 


25 
| 
S= 15} 
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=o 
ond 


ist 
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— 


for it than is the 
sizing 


Hemoglobin 
gms per mi 


cytochrome c synthe- 
mechanism. In view of these 
findings, the concept that the sympto- 
matology of 


iron deficiency is related 


to disturbances in tissue metabolism 
rather than to 
circulating hemoglobin seems a not un- 
this 


analogy between the symptoms of per- 


mere reduction in the 


reasons ible one. In respect, an 
nicious anemia and those of iron defi- 
ciency seems germane. 

The finding that cytochrome c may 
be depleted in iron-deficient animals 


without anemia allows us to speculate 


in which there were no controls 
Furthermore, evidence that the non 
IN THE KIDNEYS OF 
(EXPERIMENT 2) 
— normal diet 
[| deficient diet 
anemic patients which they have 


treated are really iron-deficient is base 
curves and is 
( Beutle: 
Althoug 


Jasinski and Roth proposed that sym] 


on oral iron tolerance 


therefore, unacceptable 


Robson and Buttenwieser? 


toms in nonanemic iron deficiency wer 
caused. by depletion of iron, they pr 
sented no evidence that de pletion 
iron enzymes actually 
deficient patients. 
Because of the well-known preca 


occurs in iro 


of iron balance of menstru 
(Moore Dubach'! 


ous state 


ing women and 
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however, the possibility that iron de- 
ficiency without anemia may give rise 
to symptoms seems to be a very excit- 
ing one. It is interesting in this respect 
that we have recently been able to 
demonstrate that a surprisingly high 
proportion of abnormally tired women 
have depleted bone marrow iron stores 
although their circulating hemoglobin 
( Beutler, 
Buttenwieser® ). We are now investi- 


is normal Robson and 
gating the responsiveness of the symp- 
toms of such patients to iron therapy, 
using the double-blind technique*. At 
present, one can only speculate regard- 
ing the relationship between nonanemic 
iron de pletion and symptoms, but it 
is clear that in iron deficiency, not only 
the blood but also the tissues deserve 
consideration. 

Summary. It is frequently assumed 
that the symptoms of iron deficiency 
are due to the decrease in the circu 
lating hemoglobin, but no evidence 
supports this view. The concept that 
iron enzymes are tenaciously guarded 
by the body in iron deficiency has been 
expressed frequently but surprising]; 
little work has been done to evaluate 
the state of iron enzymes in iron defi 


ciency. In this study, evtochrome c has 
been measured by a_ highly specific 
spectrophotometric method which de- 
pends upon enzymatic oxidation and 
reduction of this enzyme. Rats were 
fed either a normal or an iron deficient 
diet and were then bled at appropriate 
intervals. A marked decrease in the 
cytochrome c content of the liver and 
kidneys of iron-deficient rats was 
demonstrated when compared with the 
control group. This decrease greatly 
exceeded the slight decrease in hemo 
Although no 


conclusions may be drawn from these 


globin concentration 


studies about the role of cytochrome 
c in the symptoms of iron-deficiency 
anemia, it is demonstrated conclu 
sively that all iron enzymes are not 
“inviolate,” as was claimed by Hahn 
and Whipple. This finding lends some 
experimental support to the concept 
that the 
deficiency may be related to disturb 


symptomatology ot iron 


ances of tissue metabolism rather than 
to a mere reduction in the circulating 
hemoglobin. It is also possible that iron 
depletion without anemia may give 
rise to symptoms but this important 
possibility remains unproved 
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SUMMARIO IN INTERLINGUA 
Enzymas Ferrifere in Carentia de Ferro. I. Cytochromo C 


ll es frequentemente asserite que le symptomas de carentia de ferro re sulta 
e un reduction del hemoglobina circulante, sed iste conception ha_nulle 
upporto objective. Le notion que le enzymas ferrifere es tenacemente preservate 
er le corpore que suffre de carentia de ferro ha essite exprimite frequentemente, 
d surprendentemente pauc investigationes ha essite executate pro evalutar 
stato del enzymas ferrifere in carentia de ferro. In le presente studio, 
tochromo C esseva mesurate per medio de un multo specific methodo spectro- 
hotometric que depende de oxydation enzymatic e reduction de iste enzyma. 
Rattos esseva mantenite con dietas normal 6 con dietas a carentia de ferro, e a 
itervallos appropriate illos esseva sanguinate. Un marcate reduction del 
ntento de cytochromo C in le hepate e le renes esseva demonstrate in rattos 
irentia de ferro in comparation con le rattos del gruppo de controlo. — Iste 
luction excedeva grandemente le leve reduction del concentration de hemo- 
bina. Ben que il non es permissibile derivar ab iste studios conclusiones 
lative al rolo de cytochromo C in anemia a carentia de ferro, illos representa 
demonstration conclusive que enzymas ferrifere non es necessarimente 
violabile,” como Hahn e Whipple lo ha asserite. Iste constatation presta un 
rte supporto experimental al conception que le symptomatologia del carentia 
ferro es possibilemente relationate a disturbationes in le metabolismo del histos 
s tosto que simplemente a un reduction del hemoglobina circulante. II es 
possibile que le depletion de ferro sin anemia produce symptomas, sed 
importante possibilitate ha non ancora essite demonstrate. 
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CHANGES IN SERUM GLUTAMIC 


OXALACETIC TRANSAMINASE IN 


PATIENTS WITH DISEASES OF THE HEART, LIVER OR 
MUSCULOSKELETAL SYSTEMS 


By CHARLES B 


\loort \I 1) 
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THE initial physiologic observations 
on transaminase were by 
Needham! in 1930 and amplified by 
Cohen and Hekhuis?* in 1940 and 1941 
LaDue, Wroblewski and Karmen® sug 
gested the clinical implications of se 
rum glutamic oxalacetic transaminase 
transaminase) activity in 1954. Since 
then, more than 50 reports dealing 
with the clinical significance and other 
aspects of variations in the serum 
transaminase levels have appeared in 
the literature. As a result it is now well 
established that transaminase is pres 
ent in high concentrations in the heart, 
striated muscle, liver, kidney, and 
brain, and that the serum level is sig 
nificantly elevated in destructive lesions 
of these organs and in obstructive 
lesions of the biliary tract. The physio 
chemical changes responsible for the 
rise in serum transaminase levels have 
been described in detail by others 
(Lemley-Stone et al.5, Merrill et al., 
and Nvydick, Wrdblewski La- 
Due!* 

The demonstration that a_ hitherto 
unexamined entity is consistently ele- 
vated o1 depressed in a given disease 
or group of diseases is always impor 
tant and often exciting. It carries with 


it, however, the danger that in the 
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Department of Internal Medicine 


Ochsner Clini New QOprlear 


rosv exuberance of discovery it) will 
be promptly instituted as routine 
laboratory procedure, even though the 
determinations, albeit consistent, ac 
tually contribute nothing to the diag 
nosis or treatment of a disease in an 
individual patient. Medical care is ex 
pensive today; vet laboratory studies 
are too often ordered as “batteries” 
when all but the first salvo serve only 
to increase the patient's bill, rather 
than to contribute information of clin 
ical importance. 

The consistent deviations of the 
serum transaminase levels in various 
pathologic states are of great interest 
It seemed important to determine in 
exactly what situations, in our experi 
ence, the information obtained from 
serial transaminase determinations is of 
sufficient clinical importance to justify 
its routine use as a laboratory pro 
cedure. Accordingly, serial transami 
nase levels have been recorded in 17 
patients with diseases of the heart 
liver, musculoskeletal system or othe 
organs. The purpose of this paper i 
to assess the clinical significance o 
serial changes in the  transaminas 
levels, and to indicate under what ci! 
cumstances they represent a helpfi 
clinical test. Some previously unr 
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CHANGES IN SERUM 
rted observations of serum transami 
se determinations on patients with 
and other hyperuricemic 


ill also be presented, 


states 


Method and Material. The method of 


ey and Pollard* was utilized with one 

It was observed that after protein 
ipitatior with heat, a better yield of the 
pnernatant fluid could be obtained by cool- 
tl pecimens in ice prior to centrifuga- 

| thus decrease evaporation. For 

isons this method initially 

t the more commonly used pro 

re Kar Wroblewski and LaDue5 


wa ter found to be preferable for 

her reasons 
ints during the procedure the 
vy be te rrupted and finished at a 
t the convenience of the tech- 


Lhe re ts are reported in micromoles 


i expensive, easily performed 


ible test giving consistent results. 
Inations 


were obtained on pa- 
h ST li ed 


it the Foundation 
tal and seen by one of us. The initial 
ratory deter all normal de- 
obtained by one of us 
patient was subjected to 
al examination and labora- 


Ochsner 


linations and 
Wore 
C.B.M Each 
net tests, including serial electrocardiograms 
tests, whenever it 
to health. Pa- 
might 
levels 


liver function 


dered not injurious 
h diseases that conceivably 


transaminase were cCare- 


xcluded 


Results. 1. NonMAL suByects. Single 
ted determinations were made on 
normal subjects. The values ranged 
100 ml./hr. to 119 
100 ml./hr., with a mean 
100 ml./hr. There 
no significant difference between 
values for males and females in 
group. The serum transaminase 
es in the control subjects were 
ily reproducible from day to day 
variations of no more than 5 
moles/100 ml./hr. in the same 
as ct. The maximum total fluctuation 
his group over a period of 9 days 
vr 15 micromoles/100 ml./hr., and 


maximum daily fluctuation was 8 


LS micromoles 
romoles 


micromoles/ 
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micromoles/100 ml./hr. We, therefore, 
consider the normal transaminase range 
to be between 33  micromoles/100 
ml./hr. 118 micromoles/100 ml./ 
hr., which represents the mean of 75.9 
micromoles/100 ml./hr. twice the 
standard deviation of 21.1 micromoles/ 
100 ml./hr. 

2. PATIENTS WITH 
AMINASE LEVELS. 
levels 


and 


ABNORMAL TRANS- 

Abnormal transami- 

encountered in a 

large number of patients with diverse 

Results of tests 
lable 

3. PATIENTS WITH NORMAL TRANS- 
AMINASE LEVELS. Normal levels for se- 
rum transaminase were consistently 
found in a large number of patients 
with various diseases. The results of 
Table 2. In 
addition to the conditions listed, single 
determinations of serum transaminase 
were found to be normal in patients 
with incomplete abortion, nephrosis, 
acromegaly, 
giant follicular lymphoma, and organic 
mental syndrome secondary to multiple 
cerebral infarctions. 

Discussion. In our opinion, the meth- 
od of Henley and Pollard is a highly 
accurate procedure and is preferable 
to the more recently 


nase were 


diseases. these are 


shown in ' 


these tests are shown in 


pulmonary e mphysema, 


introduced and 
less specific pheny lhydrazine test. Re- 
sults have been reported in micro- 
moles/100 ml./hr. rather than in units. 
One “unit” represents a decrease in 
optical density of 0.001/ml./minute at 
wave length 340 millimicrons at room 
temperature. This may be converted to 
micromoles if it is assumed that the 
procedure is performed at a constant 
reasonable temperature. In contradis- 
tinction, we permitted the enzymatic 
reaction in the spectrophotometer to 
continue to completion and then cal- 
culated the weight in micromoles of 
oxalacetic acid produced. This permits 
direct comparison with other methods, 
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and with the same method performed only if enough serial determinations 
in different laboratories. are obtained to establish the true nor 
NORMAL suByECTS. The normal range mal for an_ individual. In fact, al 
was established as 33 to 118 micro- though it has not been clearly estab 
moles/100 ml./hr. at 37° C. Such a_ lished, it seems likely that a rise from 
wide range introduces a possible error a base line of 40 micromoles/100 ml 
in interpretation that can be avoided hr. to 100 micromoles/100 ml./hr. 


PABLE |] ABNORMAL SERUM TRANSAMINASE LEVELS IN: VARIOUS DISEASES 


Serum Transaminase Level 
Normal 75.9 micromoles/100 ml./h 
No.of No. of 
Diagnosis Patients Tests Minimum Mean Maximum Duration of Change 


Myocardial infarction 5 190 10 1280 $to 10 days 
Acute coronary 
insuthcienc 15 L193 8 Lto3 days 
Cardiac surgery 6 1S 17 oe lto2 days 
Cardiac catheterization 5 20 37 137 6 hours 
Active Laennec’s 
cirrhosis 7 35 173 172 128( Constant 
Infectious hepatitis > 50 305 2429 tf weeks or mors 
Metastatic carcinoma 
to liver 9 LO 135 183 265 Constant 
Acute pancreatitis 3} 16 133 260 110 } week 
Common bile duct 
obstruction } 20 bey 243 150 Until obstructi 
relieved 
Hemochromatosis 2 6 320) 1-4] 568 Constant 
Portacaval shunts 2 5 77 78] Fell post 
operatively 
Cholangiolytic he patitis l 1 152 164 LSO Constant 
Wilson’s diseass l 2458 270 Constant 
Biliary cirrhosis ] 3 937 251 274 Constant 
Gout 20 1] 74 225 Elevated with 
icute attack 
Muscle biopsy 5 10 72 (i Elevated post 


operatively 
Acute leukemia 2 144 148 Constant 


TABLE 2—NORMAL SERUM TRANSAMINASE LEVELS IN VARIOUS DISEASI 


Serum Transaminase Level 


Normal 75.9 micromoles/100 ml 
No. of No of - 
Diagnosis Patients Tests Minimum Mean \Vlaximun 

Angina pectoris 10 20 18 §] 104 
Chest or arm pain of extracardiac origin 5 12 57 78 114 
Pericarditis l 10 104 107 11] 
Inactive Laennec’s cirrhosis { 22 19 84 113 
Carcinoma without metastases to liver j 8 61 90 107 
Rheumatoid arthritis 1] 19 13 79 99 
Scleroderma 77 55 
Lupus erythematosus } 9 76 90 110 
Venous cutdowns 5 LO 64 SO 87 
Polycythemia vera 8 16 39 74 114 
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ust as significant as a rise from 100 
micromoles/100 ml./hr. to 
100 hr., although only the 
st value is abnormal by the present 


160 micro- 
nole S ml 
tandards 

The 
transaminase curve in acute myocardial 
nfarction is well delineated ( Fig. 1) 
Chinsky, Shmagranoff and = Sherry! 
LaDue and Wréblewski7, and Merrill 
t al lo establish the diagnosis and 
follow the clinical course of a classical 


HEART DISEASE. characteristic 
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b) is not diagnostic, and either intra- 
mural or subendocardial infarction is 
suspected, or 

c) fails to show a pattern character- 
istic of myocardial infarction, in which 
case it will serve as a clear indication 
of the need for additional leads with 
the use of an exploring electrode; 

d) does not show an infarct because 
it is located in a region inaccessible to 
the standard commonly used exploring 
electrode; 
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OAYS AFTER ONSET OF SYMPTOMS 
lransaminase levels in acute myocardial infarction. The transaminase level is 
d within 6 hours after onset of symptoms, reaches its peak in 18 hours and returns to 
normal in 10 days. 
ick of myocardial infaction, serial 2. Early recognition of myocardial 


isaminase determinations probably 
tribute nothing, and for that rea- 
should not be ordered routinely. 
ir chief clinical value would appear 
Mm 


The early recognition of necrosis 
the myocardium in patients seen for 
first time with substernal pain 


se electrocardiogram: 


shows only left bundle branch 


necrosis in localities where competent 
electrocardiographic interpretation _ is 
not immediately available, or in which 
the exact interpretation of an unusual 
electrocardiogram is in doubt; 

3. Occasional detection of extension 
of an infarction during observation and 
treatment of a patient (Fig. 2). 

The transient, slight but definite rise 
in the serum transaminase level in pa- 
tients with acute coronary insufficiency 
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Fig. 2 Che transaminase curve on a patient who was admitted with the clini il and elect: 
cardiographic diagnosis of acute posterior mvocardial infarction. Thirty-six hours after admissi 
the electrocardiogram revealed extension of the infarction anteriorly through the sept 
On the tenth hospital day, various arrhythmias developed ind ifter normal sinus rhytl 
had been re-established, the electrocardiogram revealed changes consistent with furtl 
extension of the infarction of the posterior wall The serum transaminase levels rose duri 


the time of both extensions of the infarcti 
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Fig. 3.—Transaminase curve obtained in patients with acute coronary insufficiency. 


onset of the rise, as well as the peak reached, corresponds in time with that observ 


classical myocardial infarction, but was not of the same magnitude The maximum rise W 


220 micromoles/100 ml./hr. in 18 hours. The average peak was 178 micromoles/100 ml 


a value considerably higher than the normal limits 


\Nloore et al.: CHANGES IN SERUM GLUTAMIC OXALACETIC TRANSAMINASE 533 
Fig. 3) lends credence to the idea Of interest is the slight increase in 
that in such patients there is actually serum transaminase levels of patients 
me infarction of the myocardium who had mitral commissurotomy, in 
Master et al”). This is in contra- contrast to the precipitous elevation 
‘tinction to patients with angina in those who had undergone resection 
ectoris whose transaminase levels do of a ventricular aneurysm or closure 
t deviate from the base line. of an interatrial septal defect by the 
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1 Range of transaminase values in patients with active Laennec’s cirrhosis. 


he serum transaminase level is often 


real value in the differentiation of 


of cardiac injury from the 
liac-like pains of extracardiac 
n, compression of the cervical 
roots, esophageal spasm, cervical 
arthritis, reaction to cocaine, 


liac neurosis and many _ others 


eman!® 


Sondergaard circumclusion technique. 
With the latter technique a heavy liga- 
ture is passed completely around the 
entire interatrial septum. Constriction 
of this ligature, of sufficient extent to 
close a septal defect, probably inter- 
feres with the blood supply to the 
septal musculature. 

Also of interest is the fact that 12 


oot The 


cardiac catheterization the 
transaminase level was elevated about 
100 ml./hr. 
previously normal base line. This ap 


hours after 


10 micromoles above the 
pears to be due to myocardial injury 


incident to passage of the catheter 


through the heart, since it is not ele- 
vated after a cutdown 


venous pro 


cedure, or after insertion of a cardiac 
catheter into the superior vena cava. 
been well 


HEPATIC DISEASE. It has 


2500¢- 
2300F 
2100 


1900 


MICROMOLES/IOOMI./hr 
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The test may also be of great value 
in the distinction of obstructive jaun- 
dice from that due to hepatocellular 
disease. In our patients with obstruc 
tive jaundice the transaminase level 
micromoles/ 100 


never exceeded 320 


ml./hr., whereas in hepatocellular dis 
ease (Fig. 5), during the active stages 
the average transaminase level was in 
LOO mil./hi 


In two instances, operation was can 


excess of LOOO micromoles 


MAXIMUM NORMAL 


5 10 


15 20 25 


DAYS AFTER ADMISSION 


Fig. 5 


established that destruction of hepatic 
' y cause results in a rise in 
the serum transaminase level (Mo- 
lander, Wrdblewski LaDue!*). 
Thus, the serum transaminase level is 
elevated in active cirrhosis (Fig. 4), 
Wilson's 


biliary cirrhosis, and various types of 


cells by any 


and 


hemochromatosis, disease, 
hepatitis, and, therefore, may serve as 
evidence of activity of disease, partic- 
ularly in the differentiation of active 
from inactive cirrhosis. 


Range of transaminase values in patients with infectious he patitis 


celled on patients suspected of having 
obstructive jaundice because of trans 
aminase levels in excess of 2000 micro 
100 ml./hn 
were proved to have had active inf 

tious hepatitis, either by liver biops\ 


Subsequently, both 


moles 


or at necropsy. 

That the transaminase levels wer 
elevated in all patients suspected ol 
having metastasis to the liver see ns 


significant. At present it is not poss le 


to state categorically that an eleva ed 
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erum transaminase level in 


patient 
vith known carcinoma implies metas- 


sis to the liver. However, if the serum 
transaminase level is normal, metastatic 

sease of the liver is certainly less 
kely. This may serve as one factor in 
letermining the extent of a contem- 
lated surgical procedure, 

Because the serum transaminase 


evel is elevated in both pancreatitis 
nd cholelithiasis with obstruction of 
the common bile duct, it is of little 
ilue in differential diagnosis. How- 
ever, it is valuable in determining 
vhether or not obstruction of the 
mmon bile duct from any cause has 
been completely relieved, for, after 
lief of obstruction, the serum trans- 


minase level should promptly return 
normal 

We have no explanation for the re 
th level to 
rmal within 7 days after portacaval 
unt in the 2 patients with he ‘patic 


rm of transaminase 


rrhosis and 


portal hy pertension. There 
that 


ther than the portal hypertension had 


no reason to believe 


anything 


n relieved. Possibly, the mechanism 
the fall in the transaminase levels 
normal is the same as that after 
itment of a patient with congestive 
ut failure and relief of hepatic con- 
tion 
MUSCULOSKELETAL DISEASES. Trans- 
nase levels were consistently 
rmal in rheumatoid arthritis, sclero- 
ma and lupus erythematosus. Ex- 
ie elevation of the transaminase 


el was noted in 2 of our patients 


th dermatomyositis, confirmed by 


| psy and necropsy. This observation 
ilso been made by Siekert and 
| sher!®, After treatment with steroids 


disease became quiescent in one 
and the transaminase 


tell to normal. 


the patients, 
i 


1 sharp contradistinction to patients 
rheumatoid arthritis, all patients 


h had elevated transaminase 


gout 
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levels at some time during their hos- 
pitalization. In 14 of the 20 patients 
the transaminase level was between 
175 and 225 micromoles/100 ml./hr.. 
at a time when the serum uric acid 
was elevated. However, there was no 
apparent direct relationship between 
the serum transaminase, the concentra- 
tion of uric acid in the serum, and the 
activity of the gout. The relationship 
between the serum oe and 
the serum uric acid level i 1 patients 
with gout, leukemia, calaadiaa mia, 
hyperuricemia, or myocardial infare- 
tion (in whom we have found consis- 
tently elevated uric acid levels) is at 
present under investigation. 

It should be noted that the signifi- 
cant in serum transaminase after 
simple muscle biopsy should not be 
mistakenly interpreted as evidence of 
pathologic destruction of muscle. 

MISCELLANEOUS. The serum. trans- 
aminase levels were normal in the re- 
mainder of the patients studied. 

Summary and Conclusions. 1) The 
results of 1284 serum transaminase 
determinations performed serially up- 
on 173 patients and 100 normal sub- 
jects have been analyzed. 

2) The method of Henley and 
Pollard, with one slight improvement, 
was found to be accurate 
and simple. 

The results of serial transaminase 
determinations have been of significant 
clinical value diseases of the 

HEART. 

1. Early necrosis 
of myoc: urdium in patients seen for the 
first time with thoracic pain whose 
electrocardiogram a) shows only left 
bundle branch block, b) is not diag- 
nostic and either an intramural or a 
subendocardial infarction is suspected, 

) fails to show a pattern characteristic 
of myocardial infarction, which serves 
as a clear indication of the need for 
additional leads with the use of an 


rise 


inexpensive, 


recognition of 


it) 
lat 
i 
( 
‘i 
il 
| 
—_ 
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exploring electrode, d) fails to show 2. Presence of activity in paren- 
an infarct because it is located in a  chymal disease of the liver. 
region inaccessible to the standard ~ 3. Demonstration of relief of ob- 
commonly used exploring electrodes. struction of the common bile duct. 

2. Early recognition of myocar- 4. Strong evidence that there is 


dial necrosis in localities where com- no metastasis to the liver in a patient 
petent electrocardiographic interpre- with known carcinoma elsewhere. 


tation is not immediately available, or C. MUSCULOSKELETAL SYSTEM. 
in which the exact interpretation of an l. Differentiation of dermatomy 
atypical electrocardiogram is in doubt.  ositis from other collagen diseases. 

3. Occasional detection of exten- 1) The hitherto unreported observa 
sion of an infarction during observation tion has been made that the serum 
and treatment of a patient. transaminase level is elevated in pa 

1. Differentiation of acute myo- tients with gout as well as in patients 
cardial infarction, acute coronary in- with other causes of hyperuricemia 
sufficiency and angina pectoris. (mvocardial infarction, leukemia and 

5. Confirmation of the clinical im- polycythemia vera). There is appa 
pression that thoracic pain in some pa-_ ently no direct relationship between 
tients is of extracardiac origin. the serum transaminase level and the 

B. LIVER. blood uric acid levels, but further 

l. Differentiation of obstructive study of this aspect of the problem is 

from hepatocellular jaundice. underway at present 
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SUMMARIO IN INTERLINGUA 


Alterationes in Nivellos Seral de Transaminase Glutamic-Oxalacetic in Patientes 
con Morbos de Corde, Hepate, o Systemas Musculoskeletic 


|) Es analysate le resultatos de 1284 determinationes de transaminase ser 1! 
effectuate in series in 173 patientes e 100 subjectos normal. 


en 
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) 


Esseva trovate que le methodo de Henley e Pollard, con un sol e non-extense 
1e lie ition, es incostose, accurate, e simple. 

}) Le resultatos del determinationes serial de transaminase esseva de significa- 
ive valor clinic in varie morbos. 

\. CORDI 

1. Plus prompte recognition de necrosis del myocardio i 1 patientes vidite 
prime vice con dolores thoracic e in qui le ele ‘ctrocardiogramma (a) monstra 
olmente bloco del branca sinistre, (b) non es diagnostic, durante que il existe 
le suspicion de un infarcimento intramural o subendocardial, (c) non exhibi 
un configuration characteristic de infarcimento myocardial, un facto que indica 
clarmente le necessitate de derivationes additional con le utilisation de un 
electrodo expolorante, o (d) monstra nulle infarcimento proque le sito del 
nfarcimento es inaccessibile al standard electrodos explorante que es in uso 
COMMU! 

Prompte recognition de necrosis myocardial quando le experte inte rpreta- 
tion del electrocardiogramma non es immediatemente disponibile 0 quando le 
nterpretation de un electrocardiogramma atypic es dubitose. 

}. In casos sporadic, le detection del extension de un infarcimento durante 
observation e tractamento del patiente. 

Differentiation inter acute infarcimento myocardial, acute insufficientia 
ronari, e angina de pectore. 


». Confirmation del impression clinic que le dolores thoracic de certe 
itientes es de origine extracardiac. 
B. HEPAT! 


|. Differentiation inter jalnessa obstructive e jalnessa hepatocellular. 
Presentia de activitate in morbo parenchymic del hepate. 
;. Demonstration de alleviamento del obstruction in le ducto_ biliari 
t. Forte supporto del conclusion que metastases hepatic es absente in 
itientes con carcinoma demonstrate in altere partes del corpore. 
SYSTEMA MUSCULOSKELETIC. 
|. Differentiation de dermatomyositis ab altere morbos de collageno. 
t) Esseva facite le usque nunc non reportate observation ag le nivello seral 


e transaminase es elevate in ) patientes con gutta si ben como i ) patientes con 
tere causas de hyperuricemia (infarcimento myocardial, sedi e polycy- 
lemia ver il non existe un relation directe inter le nivello 
ral de transaminase le nivellos de acido uric in le sanguine, sed studios 


ditional de iste del problema es currentemente in progresso. 
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CHANGES IN SERUM PSEUDO-CHOLINESTERASE LEVELS IN 
PATIENTS WITH DISEASES OF THE HEART, LIVER OR 
MUSCULOSKELETAL SYSTEMS 


By Cuarves B. Moore, M.D. 
FELLOW IN INTERNAL MEDICINE, ALTON OCHSNER MEDICAL FOUNDATION 


RoBERT M.D. 


Harotp M. Horack, M.D. 


AND 


Hucu M. Batson, M.D. 


(From the Department of Internal Medicine. Ochsner Clinic, New Orleans, Louisiana) 


SERUM pseudo-cholinesterase ( cho- 
tests have been performed 
for a number of years upon patients 


linesterase ) 


with a variety of diseases ( Antopol, 
Tuchman and _  Schifrin'*, Faber‘) 
The original procedure was laborious 
and expensive, and consequently rarely 
performed. In 1948, Michel®  intro- 
duced a simple accurate test for de- 
termining the serum and erythrocyte 
cholinesterase level. Since then, the 
concentration of this enzyme in the 
serum has been studied chiefly in dis- 
eases of the liver, as it has been shown 
that the serum cholinesterase measured 
by this technique is formed in the liver 
(Sawyer and Everett?® ). 

In 1954, Oka® reported significant 
changes in the serum cholinesterase 
levels, performed serially, after acute 
myocardial infarction in 7 patients. In 
our previous investigation of serial 
serum glutamic oxalacetic transami- 
nase levels in a variety of diseases‘, it 
was believed that the same _ blood 
samples could be used to determine 
cholinesterase levels and thus permit a 
study of the relative merits of the two 
procedures. The purpose of this paper, 
therefore, is to illustrate the clinical 
value of serial changes in the cholin- 
esterase levels, to compare the results 


538 


with concomitant changes in serum 
transaminase, and to indicate under 
what circumstances changes in cho- 
linesterase levels repre sent a valid and 
helpful clinical test 


Method and Material. The method of 


Michel® was employed, serum having been 
utilized instead of pla ma Che pH of the 
solution in the potentiometer was determined 


for 90 minutes. This 


revealed that the reaction proceeded In a 


at one-minute intervals 


straight line, and that any two points on 
the line sufficiently far apart for an accurate 
reading, could be used to delineate the slope 
of the line and, therefore, the concentration 
of cholinesterase in the serum. In order to 


conserve time we arbitrarily selected initial 
and 30-minute readings as the base line for 
our calculations. The results of this procedure 
were easily reproducible on the same serum 
with a day to day variation of less than 0.05 
delta pH/ hr. 

All determinations were made on patients 
seen by one of us at the Ochsner Foundatiotr 
Hospital. The initial laboratory determinations 
and all normal determinations wer per 
formed by one of us (C.B.M.). An attempt 
was made to obtain the specimens while th 
subject was fasting, and this was done it 
the normal group, but in the others, becaus« 
symptoms developed in many instances, this 
was not always possible. Whenever it was 
not injurious to health, the patient ha 
thorough physical and laboratory evaluatior 
including serial electrocardiograms and seria 
liver function tests. Patients with associate: 
diseases that might conceivably alter th 
cholinesterase levels were carefully excluded 


i 3 
| 
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Results. 1. NoRMAL PERSONS. Single, 
isolated determinations were obtained 
m 100 normal persons. The values 
ranged from 0.48 delta pH hr. to 1.24 
delta pH hi ().785 


delta pH hr. corresponding with the 


with a mean of 


normal values obtained others 
Molander, Friedman and LaDue’, and 
Vorhaus, Scudamore Kark!'). 
There was no. significant difference 
' between the values in males and fe- 
males. Serial determinations were se- 


ured 


on 5 normal subjects; the maxi- 
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with certain diseases of the heart, liver 
or musculoskeletal system. The results 
of serial serum cholinesterase levels in 
these patients are shown in Table 1. 

3. PATIENTS WITH NORMAL CHOLINES- 
TERASE LEVELS. Normal values for se- 
rum cholinesterase were consistently 
found in a large number of patients. 
The results of these tests are shown in 
Table 2. In addition to the conditions 
listed, normal cholinesterase levels 
were noted in patients with incomplete 
abortion, nephrosis, acromegaly, giant 
LEVELS 


IN VARIOUS DISEASES 


Cholinesterase Level 


rABLI ABNORMAL CHOLINESTERASE 
No of No of — 
Diagn Patients Tests Minimum 
farction 
26 364 0.18 
ul } 56 0.12 
Cardia 6 18 0.30 
7 5 0.08 
i 5 50 0.08 
li 5 10 0.14 
6 0.95 
iolyt 1epatitis ] } 0.35 
0.35 
2 7 0.19 
9 0.21 
2 S 0.40 
im daily fluctuation was 0.10 delta 
H/hi and the maximum _ total 


ctuation during a period of 9 days 
s 0.21 delta pH hr. We, therefore, 
the normal serum cholines- 
rase level to be between 0.50 delta 
H/hr. and 1.07 delta pH/hy., which 
presents the mean of 0.785 delta 
H/hr twice the standard de- 
ition of 0.142 delta pH hr. 

PATIENTS WITH ABNORMAL CHO- 
LEVELS. Abnormal, or 
levels of serum cholinester- 
were consistently found in patients 


nsidk I 


\ESTERASI 


inging 


Normal, 0.785 A pH/hr 


Maximum Mean Duration of Change 
1.34 3 to 5 days 
0.75 Until death 
1.00 3to5 days 
0.83 0.241 Constant 
0.64 3 to 4 weeks 
0.35 0.239 Constant 
1.17 1.08 Constant 
0.47 0.4] Constant 
0.4] 0.39 Constant 
0.25 0.21 Constant 
0.25 0.23 Constant 
0.85 — Postoperatively 


follicular lymphoma, organic brain 
syndrome secondary to multiple cere- 
bral infarction, and duodenal ulcer. 
Discussion. Michel's method for de- 
termining cholinesterase concentration 
proved to be simple, accurate and in- 
expensive. The enzyme measured in 
the serum by this technique, “pseudo” 
cholinesterase, is present in liver, pan- 
creas and serum (Best and Taylor*). 
Its function has not yet been deter- 
mined. It differs in many respects from 
“true” cholinesterase, which is found 
in the brain, red blood cells, muscle 


| - 
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and nerves. True cholinesterase is 
found in high concentrations at the 


motor end plate and thus, whenever 
acetylcholine is formed at a motor end 


plate to activate nerve tissue, “true” 
cholinesterase is also present to termi 
its 


Pseudo-cholinesterase 


nate iction (Best and Tavlor® 


is a large 


moleculai mucoprotein that has beén 


al Sclences Vow mber 1957 

in which the albumin is low despite a 
normal or exaggerated rate of synthesis 
the serum pseudo cholinesterase, being 
unfilterable 


it normal levels 


a larger, relatively mol 


( ule, remams 


NORMAL suBjECTs. The normal range 
of serum cholinesterase values has 
been established as being from 0.50 


delta pH hr. to 1.07 delta pH/hr. We 


associated with the albumin fraction believe. however. that for practical 
of the serum proteins (Sawyer and purposes any value above 0.50 delta 
Everett It is relatively insensitive pH/hr. can be considered as normal 
rABLI NORMAL CHOLINESTERASI LEVELS IN) VARIOUS DISEASES 
Cholinesterase Level 
Normal 0.785 A pH hr 
\ \ f 
Thi Pati nt Test Viinimum \J mum 
Acute coronary insuthe wney 12 154 0.62 LO 0.84 
Angina pectoris 10 20 0.75 0.98 0.85 
Extracardiac chest or arm pa 5 12 0.74 10 0.88 
Cardiac catheterization 5 0.7] 1] O.88 
Pericarditi l LO 0.66 0.74 0.70 
Inactive Laennec’s cirrhosis } A) 0.45 0.60 0.55 
Carcinoma without metastasis to the liver 1 S 0.44 0.7] 0.59 
Acute pancreatitis ( 0.5] 0.94 0.74 
Acute cholecystitis with cholelithiasis 0) 0.44 Ol 0.85] 
Rheumatoid arthritis 1] 19 0.47 O4 0.794 
Gout LO 0 0.54 1.07 0.84 
le roder i } 0.66 0.7] 0.68 
Lupus erythemat sus j ) 0.54 0.97 0.74 
Venous cutdowns 5 LO 06] (1) 99 0.584 
Muscle biopsy 5 10 0.51 OSS 0.64 
Polycythemia vera 0.66 0.89 0.74 
Hyperthyroidism ) 6 0.77 0.96 0.88 
to eserine, but rapidly inactivated by HEART DISEASI The characteristic 
di-isopropylfluorophosphate. Pseudo- cholinesterase curve in acute mvocar 


cholinesterase functions to de-acetylate 
acetylcholine to acetic acid and choline 
at high of 
acetylcholine, but at low (physiologic 


chloride concentrations 
concentrations, the true cholinesterase 
( Best 
Pseudo-cholinesterase 


is much more. active and 


Taylor is ap- 
parently formed in the liver and has a 
life span of 28 days (Sawyer and 
Everett’’). In general, hepatic diseases 
that the 


in a lowered serum pseudo-cholinester- 


lowet serum albumin result 


ase level also. In contrast, in nephrosis 


dial infarction has not been well estab 
lished, although in 1954 Oka® reported 
that the serum cholinesterase concen 
tration fell following acute myocardial 
infarction and rose as recovery pro 
ceeded. He suggested that serial deter 


of 
of 


minations cholinesteras« 


might be 


serum 


prognostic import. Ou 


studies show (Fig. 1) that the serun 
cholinesterase level falls after acute 
myocardial infarction, but that tim: 


relation and degree of fall vary si 
greatly from patient to patient tha 


__ 
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apH/hr 


140- 


1 


| MINIMUM NORMAL 


0 2 4 6 8 10 12 14 16 18 20 
DAYS AFTER ONSET OF SYMPTOMS 


j 
3 


Fig. ] Acute myocardial infarction with survival. There was an immediate fall in the mean 
ilinesterase value, the lowest level being reached on the fourth day after onset of symptoms 
with return to normal by the twelfth day. 


&pH/hr 
1.29 


80Fr 


MINIMUM NORMAL 


40F 


20+ 


10 15 
DAYS AFTER ADMISSION 


2.—Cholinesterase curve obtained in a patient with an acute anteroseptal myocardial 
farction considered to be extensive by clinical evaluation. The serum cholinesterase con- 
ntration fell 0.90 delta/pH/hr. initially and then returned to a normal limit on the eighth 


day after onset of symptoms. 


100} | | | 
| r | | | 
so} | | | 
60} 
| | | | 
40} | | | | 
| 
| 
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interpretation may be difficult if not level does not occur until the fourth 
impossible (Fig. 2). day after onset of symptoms. 

The most significant observation A simple explanation for the fall 


appeared to be that the serum = 
esterase level progressively fell in pa- 
tients who eventually died, and re ee os d 
the lowest level just before death ( Fig. 

This suggests that a progressively 
f; alling serum cholinesterase level after 
myocardial infarction is of grave 


acute 
srognostic import ( Fig 
| 


serum cholinesterase levels after 


myo- 
cardial infarction is lacking. The usual 
explanations for a fall in the serum 


concentration of any substance include 


increased destruction, decreased syn- 
excretion of the 
and prevention of its ap- 


pearance in the serum from its source. 


thesis and increased 


substance, 


OpH/hr 
80r- 
50+— MINIMUM NORMAL 
30+ 
| 
0 \ 2 3 4 5 6 7 8 9 10 i 12 13 4 
DAYS AFTER ONSET OF SYMPTOMS 
Fig. 3—Fatal acute myocardial infarction. The mean cholinesterase value dropped gradu 
ally, the lowest level having been reached at death 
As an index of myocardial damage, It is difficult to determine which mech 


determinations 
than 
glutamic oxalacetic transaminase levels. 


serum cholinesterase 


alone are less sensitive serum 


= in acute myocardial insufficiency 
and in cardiac catheterizations, serum 
determinations rise sig- 


cholinesterase 
Furthermore, 
serum transaminase levels are elevated 
6 after onset of symptoms in 
acute myocardial infarction and reach 
their peak in 18 hours, whereas the 
maximum drop in serum cholinesterase 


but 
not 


nificantly, serum 


levels do change. 


hours 


anism causes the fall in serum cholines- 
terase levels patients with myocar- 
dial infarctions, but some can be 
excluded. With the demonstration that 
the cholinesterase has a_ life 
span of 28 days, both decreased syn- 
thesis of the enzyme, and failure of 
the enzyme to appear in the blood from 
its source of formation, are unlikely. 
The other possibilities cannot yet be 
assessed. The demonstration _ that 
administration of ACTH to normal 
subjects (Kaufman®) results in fall 


easily 


serum 


| 


Fig 
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Cholinesterase levels obtained in a patient with fatal acute anterior myocardial 
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in serum cholinesterase, and the fact 
that after periods of physical stress the 
serum cholinesterase level is low, sug 
gests that the mechanism of the fall 
in myocardial infarction might be 
simply the result of stress. This can- 
not be proved at present. 

\s would be expected, serum cho- 
normal in 
patients with angina pectoris, benign 


linesterase levels remained 


ApH/hr 
70r 


60F 


90 


November, 1957 


resection of a ventricular aneurysm. We 


have no explanation for this. 

HEPATIC DISEASE. In patients with ac 
tive Wilson's dis 
ease, hepatitis, and carcinoma with 


cirrhosis (Fig. 5 


metastasis to the liver, the serum cho 


linesterase concentration fell below the 


limits of normal. It remained within 


normal limits in those with inactive 


cirrhosis, carcinoma without demon 


MINIMUM _| 


DAYS AFTER 


Fig. 6. 


15 20 25 
ADMISSION 


Range of values for serum cholinesterase observed in patients with 


infectious hepatitis. 


pericarditis, or pain in the chest or 
arm of extracardiac origin. 
Immediately after repair of inter- 
atrial septal defects and after mitral 
commissurotomy, there was a definite 


rise in serum cholinesterase levels, 
which was maintained for 12 hours 
and then gradually fell; a minimum 


level was reached in 3 to 4 days post- 
operatively, after which there was a 
gradual return to the preoperative 
levels. The rise was not observed after 


strable hepatic metastasis, and primary 
biliary cirrhosis. It was actually ele 
vated in patients with proved hemo 
chromatosis. The most impressive ck 
viation. was the progressive decline it 
serum cholinesterase levels fata 
cases of infectious hepatitis. 

Perhaps the chief clinical value o 
determination 
differentiation of activ 
hepatocellular disease, in which thi 


(Fig. 6 


serum cholinesterase 


lies in the 


value is consistently low 


| 
= 
30+ | | A 
| | 
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from obstructive jaundice, in which 
it is consistently normal. 

In patients on portacaval 
shunt was performed the serum cho- 
linesterase levels, which were de- 
pre ssed preoperatively, rose to normal 
limits within the first week postopera 
tively. Presumably this is a manifesta- 
tion of a decrease in portal pressure. 

\IUSCULOSKELETAL SYSTEM. se- 
rum cholinesterase levels were normal 
in patients with rheumatoid arthritis, 
cleroderma, gout and lupus erythema- 
tosus. The only abnormality was a 
consistently low level in patients with 
dermatomyositis. 

MISCELLANEOUS. Serum cholinester- 
ise levels were normal in patients with 
polycythemia vera, hyperthyroidism, 
incomplete abortion, nephrosis, acro- 
megaly, giant follicular lymphoma, 


organic brain syndrome secondary to 


multiple cerebral infarctions and duo- 
denal ulcer. The levels were also nor- 
mal after venous cutdowns and muscle 
biopsies. Low values were found in 
ne patient with acute lymphatic leu- 
kemia and in one with carcinoma of 
the lung and metastasis to the thoracic 
ll. In each instance, cachexia and 
mpending death would appear to 
plain adequately the low values. 
Summary and Conclusions. 1. The 
results of 1089 serum. cholinesterase 
leterminations performed serially on 
160 patients and 100 normal subjects 
have been analyzed. 
2. The method of Michel was found 
be inexpensive, accurate and simple. 
3. The results of serial determinations 


ave been of significant clinical value 
n diseases of the: 

4. HEART. 1. The only value appears 

be prognostic, since a persistently 

lling serum cholinesterase level oc- 


PSEUDO-CHOLINESTERASE LEVELS 545 


curred only in patients who did not 
survive. 

2. It has no value in the routine 
management of a patient with a classi- 
cal myocardial infarction who is_re- 
sponding favorably to therapy. 

B. LIVER. 1. The serum cholinesterase 
levels are normal in obstructive dis- 
eases of the biliary tract and depressed 
in active hepatocellular disease, and 
appear to be more sensitive than the 
serum transaminase level in differen- 
tiating these. 

2. The serum cholinesterase levels 
are helpful in indicating the presence 
of activity in parenchymal disease of 
the liver. 

3. Normal serum cholinesterase 
levels offer suggestive evidence of the 
absence of metastasis to the liver in a 
patient with known carcinoma else- 
where. 

C. MUSCULOSKELETAL SYSTEM. 1. 
The serum cholinesterase test is of 
value in differentiating dermatomyo- 


sitis from other collagen diseases. 


4. In general, in those diseases in 
which there is an increase in serum 
transaminase levels, there is a fall in 
serum cholinesterase levels. However, 
with respect to degree and time of 
change, the disparity in the curves of 
the two enzymes indicates that there 
is no true parallel in their behavior 
and that they bear no relation to each 
other. Interpretation of any single se- 
rum cholinesterase determination is 
impossible because of the large normal 
range, and interpretation of even serial 
determinations is difficult because of 
its lack of specificity. Yet, as already 
stipulated, in certain situations serial 
cholinesterase determinations may be 
of real clinical value. 
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SUMMARIO IN INTERLINGUA 


Alterationes in Nivellos Seral de Pseudo-Cholinesterase in Patientes con Morbos 
de Corde, Hepate, o Systemas Musculoskeletic 


|) Es analvsate le resultatos de 1089 determinatones de cholinesterase del sero, 
effectuate in series in 160 patientes e 100 subjectos normal. 

2) Esseva trovate que le methodo de Michel es incostose, accurate, e simple. 

3) Le resultatos del determinationes serial esseva de significative valor clinic 
in varie morbos, 

\. corde. |. I] pare que le sol valor es prognostic, proque un persistente reduc 
tion del nivellos seral de cholinesterase occurreva solmente in patientes qui non 
superviveva 

2. Illo es sin valor in le manipulation routinari de un patiente con classic 
infarcimento myocardial si ille responde favorabilemente al therapia 

B. HEPATE. 1. Le nivellos de cholinesterase seral es normal in obstructive morbos 
del tracto biliari e deprimite in active morbo hepato-cellular. Il pare que illos 
es plus sensibile in le differentiation de ille typos que le nivellos de transaminase 
seral. 

2. Le nivellos seral de cholinesterase es utile como indicatores del presentia de 
activitate in morbo parenchymal del hepate. 

3. Normal nivellos seral de cholinesterase es provas suggestive del absentia de 
metastases hepatic in patientes con carcinoma demonstrate in altere partes del 
corpore. 

C. SYSTEMA MUSCULOSKELETIC. 1. Le test del cholinesterase seral es de valor in 
le differentiation inter dermatomvositis e altere morbos de collageno. 

t) In general, in morbos in que le nivellos de transaminase seral es augmentate 
il occurre un reduction del nivellos de cholinesterase seral. Tamen, quanto al 
grado e al tempore del alterationes, le disparitate in le curvas pro le duo enzymas 
indica que il non existe un ver parallelismo in lor comportamento e que il existe 
nulle relation inter le duo. Le interpretation de un unic determination de 
cholinesterase seral es semper impossibile a causa del extens¢ variabilitate 
normal. Mesmo determinationes serial es difficile a interpretar a causa del 
manco de specificitate. Nonobstante, como supra-indicate, in certe situationes 
determinationes serial del cholinesterase del sero pote esser de genuin valor clinic. 
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PULMONARY physiologic tests have 
become widely used by the physician 
ind investigator alike in recent vears, 
ilthough it is often difficult to find 
close correlation between single 
and the clinical 
status of the patient. It has become evi- 


lent that 


phy siologic test value 


battery of tests is essential 
evaluation 


tor compl te of the inter- 
relations of ventilation, diffusion, cir- 
culation and the anatomic structures 
vhich compose the functions and 
inatomy of the respiratory system. 

It is essential for diagnosis and 
the rap) to establish the relationship ot 
the respiratory dead space to the 


vathologic physiology of patients with 


pulmonary disease. This is especially 


following thoracic 


rue during and 


surgery since there are profound cir- 


ulatory and ventilatory changes as a 


esult of these procedures (Stead and 


Soucheray® 
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niversity 
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of Texas Southwestern Medical School, 


Texas ) 


By definition, there is anatomic 
and physiologic pulmonary dead space 
Forster and Dubois*) 


The anatomic dead space is the vais 


an 


volume (Comroe., 


of the airway conducting the respira- 
tory gases from the nose and mouth to 
the alveoli. The physiologic dead space, 
includes the anatomic dead space and 
the volume of inspired gas ventilating 
alveoli having inadequate pulmonary 
capillary blood flow with respect to 
ventilation 
Dubois ). 
the latter relationship. In this respect, 
it is feasible to speculate that in the 
the 
deficiency is primarily circulatory since 
the characteristics of 
qualitatively the same but quanti- 
tatively different in the normal 
abnormal Nevertheless, an ac- 
curately measured pulmonary physio- 


(Comroe, Forster and 


There is reason to redefine 
allegedly hyperventilated alveoli, 
ventilation 


are 


and 
lung. 
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rABLE 1 ANATOMIC AND PHYSIOLOGIC DEAD SPACE VOLUMES FOR 


RESTING AND EXERCISE 


PERIODS IN 25 PATIENTS 


Body 
Surface P, CO P, CO Py CO Pe CO | J 
trea Resting Ri fing re } 
Patien Lye Sq. M mm. Hq mm. Hy ” 

1. P 67 1.55 39.6 58.5 1) 2 25.7 144 8 706.9 
2, AGG 60 1.97 $49 21.8 23.6 GOO. 4 1088 
1.92 11.6 37.2 24.2 29.2 786.8 1136.4 
t. 60 1.81 $8.1 10.2 21.5 23.3 794.2 1066.0 
5. OHI 6 1.84 38.4 $5.7 20.7 21.8 O91 879.9 
6. NI 61 1.67 11.8 3.6 18.2 16.4 556.9 987.0 
7. HB Gl 1.82 35 22.5 26.9 9 1204 4 
9 1.68 41.0 19 4 2650 G52. 4 1049 5 
9, AC 1.56 90.6 l 22 4 21.7 
TH 7 1.90 21.1 1405 2054.5 005 
ll. WAS 60 L.S4 22 6 24.2 Svs. 4 1417.4 
12. PA 9 1.82 39.4 17.9 19.9 260 G47 .1 10980 
13. AH G2 1.60 17.2 23.5 1189.2 1100.8 
14. QP 67 1.96 38.3 $3.1 20.0 22.6 635.9 916.5 
15. WBMecN 63 1.92 8 10.3 17.3 17.0 31.8 05.3 
16. J¢ 62 1. 67 16.3 10.0 17.6 92 8 604.8 1045.2 
SF 60 1.76 4403 15.1 22.7 602.0 777.8 
18. EM 65 1. 64 19.9 180 22.2 23.4 179 8 630.5 
19. RLH 37 1.80 24.9 27 597.8 901.8 
20. WHM 1.87 16.8 11.6 19.8 27.7 540.6 1106.9 
21. SWR +S 1.83 9.7 18.9 24.3 31.7 119.9 753.0 
22. LMel 61 1.75 100 18 6 20.9 26.7 543.2 1081.0 
23. SV 61 1.39 38.2 $2.3 17.0 22.9 553.7 633.7 
24. JEO 2.08 35.0 $2.7 21.4 7.9 1066.1 1069.6 
25. AR 2 06 $1.5 0.3 27.5 32 8 630.0 1018.3 
Averages (25 97.2 1.79 0 13.6 2 4 0 698.8 1062.5 


logic dead space gives an insight to 
the perfusion capacity of the lung. 

Anatomic and_ physiologic dead 
spaces can be measured simply in the 
clinical physiology laboratory, making 
available this respiratory parameter to 
evaluate the patient's pulmonary phys- 
iologic status. 

In a previous report (Wilson et 
a new method was presented 
for calculating anatomic dead space. 
The anatomic dead space was meas- 
ured in normal persons simultaneously 
with the physiologic dead space with 
respect to age and lung volume. Sub- 
sequently, the study has been extended 
to patients with pulmonary disease. We 
shall be concerned with firstly, the 
method, secondly, mechanical aids for 
making the calculation, and lastly, the 
data (with the interpretation ) from the 
patients with pulmonary emphysema. 


In the first report Wilson et al 

reference was made to previous investi 
gators who had reported data pertain 
ing to pulmonary anatomic and physio 


logic dead space. 


Subjects and Procedures. The age range 
body surface and number of patients with 
chronic diffuse pulmonary emphysema studied 
are listed in Table 1 

The patients and normal persons sat on 
an exerciser in front of the nitrogen meter 
breathing room air through a mouthpiece 
ittached to a system of valves for directing 
the air flow in one direction. The system of 


valves was perfused with oxygen to remove 
nitrogen At the termination of 1 normal 
expiration by the patient, a 5-way valve 


was turned and the subject inspired 
oxvgen. Upon completion of a maximal in 


spiration, hi expired slowly, uniformly and 
maximally past the nitrogen meter leak 1 cm 
from the mouth. The nitrogen meter curves 
were analyzed for the inflection point as 
shown in Fig. 1 with the simple slope calcu- 


lator shown in Fig. The first and second 


Wilson et al.: PULMONARY PHYSIOLOGIC DEAD SPACE 549 


TABLE 1 


Continued 


Phys iologic 
P} Phy frat {nat Timed Dead Space 
D Dy Dead Dead Vital Vin Vin 
S pa S pace Capacity Vol Vol Tidal Volume ©; 
/ Resting Erercise 0.5 Sec Resting E-rercise 
ml ml ml Liters Liters Resting Erercise 
17.4 96.5 172.2 178.3 591 7.76 14.00 9 56 
164.4 194.1 1340 12.72 26.55 +8 +7 
8 242.5 179.6 167.3 12.02 21.94 $2 21 
$480 170.5 155.0 1270 14.16 35.32 55 42 
41.8 174.5 155.2 2010 9 93 + 11 16 39 
01 2 206.8 $24 12.39 69 
64.4 191.8 252.0 2170 8.2] 27 37 3 
16.5 220.7 2040 10.39 IS 53 37 
80 150.6 140.0 744 8.41 19.45 66 47 
i891 257 .2 22.61 51.59 +4 24 
YS 164.4 172.9 1620 9 94 29 06 42 
Ol 546 278.6 1680 9.37 26 86 47 6 
210.8 177.0 591 17 99 19.64 52 
0 173.5 654 13.78 26.12 47 
24.1 189.7 223.2 2220) 18.19 28 77 
GS 2 155.0 171.0 1360 10.38 22.98 62 54 
OT 4 1855 118.6 S18 9 70 28 66 66 SS 
252. 1 206.4 378 9.49 19.00 55 5l 
215.4 1601 9 88 28.14 6 33 
8 ISS 0 208 5 28350 9 05 26 65 16 28 
65 0 126.5 180.8 914 9 97 17.57 $8 35 
1871 135.1 150 2 648 13.19 28 47 tS 5 
291 2 0 229 4 14.15 25 08 55 6 
¢ 2265 DSO 16 89 09 39 
2 248 0 266 0 2156 9 70 18.33 
203 4 200 2 19 14 
curve can be easily cal and following a 5-minute period of vigorous 
eticulous use of these simpl CXNETCISE 
lation of reaction rates, dye 4 Waters Conley nitrogen meter was used 
ristics, and velocities of flow to measure the rate of change of nitrogen in 
ide by persons who are not i single « xpired breath. The nitrogen meter 
naticians. The details, proof circuits were modified®*® to decrease its 904% 
of this method are outlined response time to less than 0.03 second. 
publication (Wilson et al." The output of the nitrogen meter was led 
Briefly, t principle is to find the inflection into an Electronics for Medicine Physiologic 
trogen meter curve by taking Recordert. Volume flow was measured with a 
md derivatives with respect pneumotachograph which was calibrated 
ject it onto the pneumotacho daily with air. There was no significance 
How curve to calculate the of — difference between air and oxygen 
ite 1 space (Fig. 1). calibrations 
I} irbon dioxide tension was 
| to be the same as that of the arterial Results. The anatomic and physio- 
ieasured by the method of logic dead space volumes for the pa- 
tients are listed for resting and exer- 
The 1 ogic dead space was measured 
the et of Bohr!, simultaneously with © periods in Table 1. 
dead space volume during § rest The anatomic dead space in the pa- 
Machi | Mr. John Ognanovich, Veterans Administration Hospital, Minneapolis, 
finnesot 
Mr. R. A. Huffhines, Dallas Radionics, Dallas, Texas. 
tElects s for Medicine, 17 S. Lexington Ave., White Plains, New York. 
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1.0 
C. B. Slope Derivation of 0.8 
ab A. Nitrogen Curve 0.6 
= \ 
to No 0.4 
a -60 0.2 
Or C. Slope Derivation of 
Slope Curve 
- 40 0 
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rig. | Analysis of the single breath curve of the nitrogen meter for calculating anatomic dead Cl 
space {, scale for the nitrogen meter curve; B, the first derivative: C, the second derivative di 
P, the Inflection point; L/M scale for pneumotachographic curve; Data for Bohr Formula 
Vexp, Volume of Expired Air; Vps, Volume of | ead Space; Cary, Concentration of No. in 
alveolar air:V,;y. Volume of expired gas; Cynsp, Cuncentration of same gas in inspired air 
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Fig. 2—The Positive and Negative Slope Calculators 
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Wilson et al.: 


tients changed from a mean 
203 mil. 


value of 
during rest to 200 ml. during 
This no significance 
P>0.8). The volume of the anatomic 
dead space in the normal persons of a 
comparable age increased from 180 ml. 
at rest to 191 mil. 
0.3< P<0.4 

On the other hand, the magnitude 
of increas¢ physiologic dead space 


was of 


during exercise 


was large in the patients changing 
from a primarily increased value of 
33 ml. during rest to 443 ml. during 
exercise (P<0.01). In contrast in 


per- 
sons with normal lungs, the physiologic 
dead space decreased during exercise 
a mean value of 307 ml. to 245 
ml. O1<P<0.2. indicates im- 
provement of the ventilation perfusion 
during exercise. 


trom 


This 


The in- 
creased pulmonary blood flow and car- 
diac output contribute to this phe- 
nomenon 

Ther correlation 


the 0.5 second expiratory 


was no between 
capacity and 
the physiologic dead space P>0.3, 
although the patients with severe 
_— ma had the largest physiologic 

ead space and the smallest 0.5 second 
capacity 

The P, COs. in the patients with 
emphysema increased from an average 
ot 40.0 at 


CASTCISE. he P, 
0.2. 


Hg during 
increased from 


13.6 mm. 
CO. 
at rest to 24.0 during exercise. 


rest to 


The mean patient ratio of the physi- 
ologic dead space to the tidal volume 
it rest was 49% and decreased to 44% 
ifter exercise. Each was significantly 
ibove the normal value as determined 
by Riley® 
The mean volume of the 
anatomic dead space, at a given lung 
volume was not further significantly 
the patients with em- 
physema during exercise, but indeed, 
showed a highly significant resting in- 
crease when compared with that of a 
normal comparable 


Discussion. 


reased In 


group of age 


PULMONARY 
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(Wilson et al.''). The volume of the 
anatomic dead space was found to in- 
crease with inflation of the lung in 
normal persons et al.''); how- 
ever, since the 1 patients with 
severe emphysema are in a continuous 
state of hype ‘rinflation with an increase 
in the volume of the 
space at rest, 


lungs i 


dead 
was no increase of 
the dead space volume with hyper- 
ventilation during exercise. 


anatomic 
there 


The pulmonary alveoli are ventilated 
by a combination of simple diffusion 
of oxygen in, and 
in length 
bronchioles 
se diffusional and ventila- 
efficiency. respiratory im- 
pe dliments in the e mphysematous lungs 


carbon dioxide out, 
thus, an increase 
tortuosity of the 
would decrea 
tory 


by air How, 
and 


These 


superimposed on the change of the 
elastic properties (Ste sad, Fry and 
Ebert® ) of the lungs lead to irreversible 


hypoxia retention — of carbon 
dioxide. 

In a group of patients with severe 
pulmonary emphysema whose oxygen 
saturation of the blood was low 
tially, there 
in this value during hyperventilation 


(Wilson et al.'° 


abnormal 


ini- 
was no significant change 


The combination of 
retention of carbon dioxide 
and inability to increase the per cent 
saturation of the hemoglobin with 
oxygen during hyperve ntilation is con- 
sistent with decreased perfusion of the 
ventilated alveoli. The num- 
ber of well ventilated and perfused 
alveoli is inadequate to lower the Py, 
CO, during hyperventilation. By the 
same token, because each gram of nor- 
mal hemoglobin combine chem- 
ically with a maximum of 1.34 ml. of 
oxvgen, the number of alveoli perfused 


normally 


can 


with normal quantities of blood is 
insufficient to increase the per cent 
oxvgen saturation of the hemoglobin in 
the presence of severe pulmonary em- 
physema, regardless of patient's in- 


creased respiratory effort and increased 
cardiac output. 

An increase of the physiologic dead 
space during rest and exercise indicates 
nothing more than the concept that 
portions of the lung are hyperventilated 
without a concurrent increase in per- 
fusion. Exercise with the increased 
respiratory minute volume merely 
caused further divergence of the 
alveolar ventilation-perfusion relation- 
ship from normal. 

The concept of the ratio of alveolar 
ventilation to alveolar perfusion with 

capillary blood has not been utilized 
extensively in the evaluation of pulmo- 
nary pathologic physiology because of 
the technical intricacies encountered 
in quantitating the factors composing 
the ventilation perfusion ratio. This is 
no longer a problem with the advent 
of the nitrogen meter. The pulmonary 
physiologic dead space as defined by 
Comroe*® is an indirect measurement 
of the alveoli ventilated with oxvgen 
in excess of the quantity of perfusing 
erythrocytic hemoglobin. A large value 
for the physiologic dead space indi- 
cates first, inadequate perfusion of the 
well ventilated areas of the lung. In 
the presence of a large pulmonary 
physiologic dead space, emphysema- 
tous blebs, fibrosis, and _ infiltration, 
one can assume and expect diminished 
effective alveolar pertusion because of 
a smaller number of capillaries as 
shown in the anatomic studies of 
lsaakassohn‘. 

\ second factor which greatly in- 
fluences the alveolar-capillary diffu- 
sion gradient for oxygen and carbon 
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dioxide is the rate of How of blood 
through a pathologic capillary bed 

Luchsinger, McCormick and Moser 
In pulmonary emphysema, there is 
evidence to indicate pathologic reduc 
tion of the volume of the capillary 
vascular bed which could explain the 
marked increase in the physiologic 
dead space during exercise in the pa 
tients. The exercise increased the 
alveolar ventilation without a_ signifi 
cant increase in the volume of | the 
pulmonary capillary vessels. Further, 
since the cardiac output is normal o1 
increased at rest in patients with 
emphysema and hypoxia (Borden et 
al.2). orie can inter a greater velocity 
of the blood flowing through the pul 
monary capillaries which prevents 
optimal contact of the erythrocytes 
with the alveolar oxygen 

Summary. The anatomic and phy $10 
logic dead space was measured in 25 
patients with moderate to severe 
emphysema. 

The mean resting physiologic dead 
space of 333 ml. was increased to 443 
ml. during exercise. The mean resting 
anatomic dead space of 203 ml. de- 
creased to 200 ml. during exercise. 

\ large physiologic dead space indi- 
cates extensive diminution of the vol- 
ume of the alveolar vascular bed with 
an increased velocity in the blood flow 
through the pulmonary capillaries in 
the presence of a normal cardiac 
output. 

The ratio of phy siologic dead space 
to tidal volume was increased to 49% 
at rest and 44% during exercise. 
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SUMMARIO IN: INTERLINGUA 


Le Physiologic Spatio Morte Pulmonar Como Indice de Efficace 
Perfusion Alveolar 


Le spatios morte anatomic e physiologic esseva mesurate in 25 patientes con 

emphysema de grados moderate a sever. 

Le valor medie de 333 ml pro le spatio morte physiologic in stato de reposo 
sseva augmentate a 443 ml durante exercitio. tLe valor medic de 203 ml pro 
e spatio morte anatomic tm stato de reposo descendeva «a 200 ml durante exercitio. 

Un grande spatio morte physiologic indica un diminution extense del volumine 
lel vasculatura alveolar con augmento del velocitate del fluxo sanguinee a 

transverso le capillares pulmonar in le presentia de un normal rendimento cardiac. 

Le proportion inter spatio morte physiologic e volumine de aere currente 

monstrava augmentate a 49 pro cento in stato de reposo e a 44 pro cento 
lurante exercitio 


SUMMARIO IN INTERLINGUA 
(See page 554 for original article 
Un Evalutation de Necropsias a Agulia 


Es reportate le constatationes obtenite per necropsia a agulia in 63 casos. 
In 50 de illos, le constatationes esseva verificate per necropsias complete. 

Necropsia a agulia es de valor quando le permisso pro un necropsia complete 
non pote esser obtenite. (Tamen, permissos in forma scribite deberea esser 
|btenite etiam pro necropsias a agulia.) Le comparation del resultatos obtenite 
n le mesme patiente per necropsia a agulia e per necropsia complete revelava 
liscrepantias in 52% del casos. Isto illustra le limitationes del technica de 
necropsia a agulia. Diagnoses inadequate pote resultar proque le organo o le sito 
nteressate non es accessibile al agulia 0 proque un specimen ab iste areas non es 
epresentative pro le organo o systema integre. In plus, le specimen obtenite 
ote esser inadequate in consequentia del facto que le technica exclude visualisa- 
tion directe 

Morbos que affice organos como le hepate, le renes, e le pulmones e que 
roduce massas palpabile in ille organos se presta plus facilemente al diagnose 
er necropsia a agulia. In morbos de iste organos, le diagnose correcte esseva 
/btenite per medio de agulias in omne casos del presente serie in que le specimens 
sseva adequate. 

\ parte le facto que necropsia a agulia se presta al verification de un impres- 
ion clinic, ille etiam provide a vices un diagnose que non se suspiceva super le 
vase de observationes clinic. 
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FREQUENTLY the efforts of a physician 
to obtain permission for a necropsy are 
thwarted by widespread _ prejudice 
against this procedure. As recently as 
1955, postmortem examinations were 
performed in only one-third of all hos- 
pital deaths in the United States*. In 
such situations, when consent for a 
complete necropsy is refused, the sug- 
svestion of a “needle necropsy ” as first 
described by Terry®, may be less re- 
luctantly accepted by the relatives. By 
this technique postmortem tissue speci- 
mens from various sites were obtained 
by the Vim-Silverman needle. He found 
this method to be helpful and in 22 of 
24 needle necropsies this procedure led 
to a diagnosis. 

This communication deals with 50 
consecutive necropsies performed in the 
usual manner after tissue specimens 
had been obtained by the needle 
necropsy technique. The results of both 
methods will be compared. 

Needle necropsies were also per- 
formed in 13 other cases when permis- 
sion tor a complete necropsy was not 
obtained. 


Materials and Methods. The instrument 
employed in this study was a large Vim- 
Silverman needle5. The technique in the 
actual “biopsy” was that used for percuta- 
neous needle biopsy of the liver or kidney. 
Aspiration with a syringe was not performed. 
By utilizing one puncture site multiple 
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specimens of one organ were obtained by 
changing the direction of the needle 

Multiple samplings of the liver, lungs and 
kidneys were attempted in each case. At 
tempts at obtaining tissue from other sites 
were determined by the clinical findings 
The heart and brain were not “biopsied” 
since it was not expected that specimens 
from these organs would be sufficiently rep 
resentative to contribute to the diagnosis 
Nevertheless, it is conceivable that such heart 
diseases as diffuse myocarditis or amyloidosis 
and localized brain lesions as a tumor might 
be diagnosed by this method. In addition to 
the liver, lungs and kidneys, other organs 
were sampled when indicated as_ wer 
palpable masses of undetermined origin. In 
the presence of pleural effusion, specimens 
were obtained from the pleura (Heller 
Kellow and Chomet?). Body fluids such as 
pericardial, pleural, ascitic fluid, cerebro 
spinal fluid and heart blood were obtained 
for cell block studies or culture, or both. 

The prostate was sampled on several oc 
casions. The following procedure was used 
The prostate was palpated through the rec- 
tum and the needle was introduced in the 
midline of the lower abdomen just above 
the pubic symphysis. A specimen was taken 
when the needle tip was felt by the finger 
palpating the prostate. Specimens were ob 
tained from the pancreas In a similar manner 
as from the kidneys. Those from the kidney 
were obtained from a site which was approxi 
mately 1 cm. below the twelfth rib and 2 cm 
lateral to the lateral border of the quadratus 
lumborum muscle, while the tissue from the 
pancreas was obtained from a site 2 cm 
medial to the lateral border of this muscl 
and 1 cm. below the twelfth rib. 

The specimens obtained were 0.1 cm. in 
diameter and varied in length, measuring up 
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to 2 cm. The tissue from one necropsy was 
placed in a jar with 10% formalin, and then 
was embedded in paraffin, usually in one 


block, and serial sections were taken. The 
ections were stained with hematoxylin and 
osin. Figure 1 represents the gross appear- 


ince of a typical slide with all the tissue 


irom a needk 


necropsy. 
Heiss, ~ 
— é 
~ ~ @ 
4 ae ° 


\ typical slide with tissue from one 


1] 


nec ropsy Do 

The needle nec ropsy specimens were ex- 

ined without knowledge of the clinical 
findings or inatomical diagnosis of the com- 
let necropsy The organs from which the 
pecimens were obtained were diagnosed 
ith ease except on three occasions when 
nly malignant tissue was seen. Demonstra- 
m of malignant tissue, even if the primary 
TABLE 1 


RESULTS OF THE NEEDLE NECROPSIES IN THE GROUP OF 


EVALUATION OF NEEDLE NECROPSIES = 995 


site not identified, was considered ade- 


quate for a diagnosis. 


was 


Results. In the 13 patients in which 
only needle necropsies were performed, 


a diagnosis was made in 10 or 77% 


(Table 1). 

In 50 patients both needle and com- 
plete necropsies were performed (Table 
2). In 24 patients (48%), the diagnosis 
was the same by both techniques. 
There was no agreement in 26 patients 
(52%). Of the 24 patients in which 
the needle necropsy diagnoses were 
adequate, 17 were made from liver 
specimens, 4 from kidney specimens 
and 3 from lung specimens. 

In the 26 patients in whom the 
needle necropsy did not lead to the 
diagnosis from which the patient died, 
there were 18 who had such diseases 
as myocardial infarction, pulmonary 
infarction, cerebral vascular accidents, 
heart failure, gastrointestinal hemor- 
rhage, peritonitis and _ enterocolitis. 
There were 2 patients who had died 
in diabetic coma. In the other 6 pa- 
tients, inadequate specimens 
obtained from the critical sites. 

Occasionally the clinical impression 
is not substantiated by the necropsy 
findings (Huntert). The needle nec- 
ropsies also revealed unsuspected dis- 


were 


eases on several occasions, as illustrated 


by the following 2 case reports. 
, 


13 CASES 


WITHOUT ROUTINE NECROPSIES 


Chronic lymphatic leukemia of the spleen, liver and lymph nodes 


Laennec’s cirrhosis Bile nephrosis. 
Mie tastati 


t. Metastatic 


Squamous-cell carcinoma of the lung, liver and cervical 


Laennec’s cirrhosis. 
Chronic pyé lonephritis. 


8. Adenocarcinoma of the lung and liver. 


arcinoma of the liver and left upper quadrant mass. (primary pancreas? ). 


small-cell carcinoma to the liver. 


node. 


). Adenocarcinoma of the stomach with metastases to the lung, pancreas, liver and lymph 


nodes 
). Small-cell carcinoma (pleura). 


13. No adequate pathological diagnosis. 
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rABLE 2.—RESULTS OF THE NEEDLE NECROPSIES PERFORMED IN 


CONJUNCTION WITH COMPLETE NECROPSIES 


Group \ Adequate Dia 


ONOSIS Made by Needk Nec psy 


Needle Necropsy Diagnosis Complete Necropsy Diagnosis 
1. Laennec’s cirrhosis 1. Laennec’s cirrhosis 
2. Lymphoma of liver with area of necrosis Reticulum cell sarcoma of nodes, liver 
and spleen 
3. a) Metastatic adenocarcinoma to liver 3. a) Adenocarcinoma of prostat 
b) Pyelonephritis of kidneys b) Metastases to the liver, lungs, spleet 
and adrenals 
c) Pyelonephritis of kidneys 
t. Small-cell carcinoma of lung with metas 1. Small-cell carcinoma of lung with metas 
tases to the liver tases to the hilar nodes, liver and adrenals 
5. Chroni pyelonephritis 5. Chronic pyelonephritis 
6. a) Metastatic adenocarcinoma to liver 6. a) Adenocarcinoma of head of pancrea 
b) Central necrosis and bile stasis of liver with metastases to liver 
b) Obstructive jaundic 
7. Malignant nephrosclerosis 7. Malignant nephrosclerosis 
8. Metastatic small-cell carcinoma to liver 8. a) Small-cell carcinoma of lung 
b) Metastases to liver 
). Metastatic adenocarcinoma to liver 9. a) Adenocarcinoma of stomach 
b) Metastases to gallbladder and live 
LO. a) Metastatic squamous-cell carcinoma 10. a Squamous-cell carcinoma of bladder 
to liver with metastases to liver 
b) Chronic pyelonephritis 
ll. a) Metastatic small-cell carcinoma to Ll. a) Bronchogenic carcinoma 
liver b Metastases to liver 
b) Radiation pneumonitis ( Radiation pneumonitis 
( Acute hepatic necrosis d Acute hepatic necrosis 
12. Fatty cirrhosis 12. Fatty cirrhosis 
13. Laennec’s cirrhosis 13. Laennec’s cirrhosis 
14. Fatty cirrhosis 14. Fatty cirrhosis 
15. Metastatic adenocarcinoma to liver 15. a Adenocarcinoma of pancreas 
b) Metastases to lymph nodes and liver 
( Acute endocarditis with emboli 
to kidney and spleen 
16 Metastatic squamous-cel carcinoma 16. a) Small-cell carcinoma of lung 
to liver b Metastases to liver. adrenals 
b) Bronchopneumonia Bronchopneumonia 
17. Early fatty cirrhosis 17. a) Early fatty cirrhosi 
b) Werni ke s clisease 
18. a) Acute hepatic necrosis 18. a) Acute hepatic necrosis 
b) Bile nephrosis b) Bile nephrosis 
19. a) Intere ipillary clomerulosclerosis 19. a) Acute leukemia ( clinical 
b) Inter« apillary glomerulosclerosi 
20. Fatty cirrhosis 20. Fatty cirrhosis 
21. Undifferentiated carcinoma of lun 21. Anaplastic alveolar cell carcinoma of lun 
22. Small-cell carcinoma of lung 22 a) Small-cell carcinoma of the lung witl 
metastases to liver and nod 
b Empye ma of gallbladder 
25. Metastati idenocarcinoma of liver 23. a) Carcinoma ot prostate 
b) Metastases to liver, nodes ertebrac 
and kidneys 
24. Necrotizing angiitis of kidney 24, Periarteritis nodosa 
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RESULTS OF THE NEEDLE 
CONJUNCTION WITH COMPLETE 


EVALUATION OF NEEDLE NECROPSIES 


NECROPSIES PERFORME 


NECROPSIES (Continued 


Group B. Inadequate Diagnosis Made by Needle Necropsy 


Vecropsy Diagnosis 


f liver and kidney 


f liver 


fatty metamorphosis of 


ot liver 


ol kidne Vs 


ve hyperemia of liver, lung 


liver 
liver and lungs 


kidine \ and live I 


i of liver and lungs 


rosis ot pane reas 


pnros¢ le rOSIS 


velon phritis 


sis of liver no kidney 


ind 
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ongestion of liver anda 


] 


lerosis 


f liver with focal necrosis 


rOSIS ot liver 
f kidneys 


Cl ind lun 


crosis of liver 
erTosIs, benign 
rp} 


osis of liver 


| Ve lone phritis 


lo 


10 


20. 


to 
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Complete Necropsy Diagnosis 


Ruptured cerebral aneurysm 


a) Old myocardial infarction 


b) Bilateral pneumonitis 
Pulmonary emboli 


Peptic ulcer with hemorrhage 


Hemorrhage of brain 


Pseudomembranous enterocolitis 


Scirrhous carcinoma of ston 
Myocardial infarction 


h 


a) Idiopathic cardiac hypertrophy 
b) Multiple infarcts of lungs and kidneys 


a) Sclerosing coronary artery disease 


b) Ene ephalomalac ia 


Focal necrotizing pancre 


d) Pulmonary embolus 


-atitis 


‘ 


a) Carcinoma of the prostate with metas- 
tases to vertebrae and adrenals 


Chronic pyelonephritis 


posed on chronic pyelonephritis 


a Hepatoma 


Postnecrotic cirrhosis 


b) Fatty liver and bronchoy 
Chronic pancreatitis 


Diabetic coma (clinical ) 


Chronic glomerulonephritis superim- 


a) Carcinoma of rectum with perforation 


and peritonitis 
a) Myocardial infarction 
b) Pulmonary embolus 
Rheumatic heart disease 


Ruptured aortic aneurysm 
a) Aplastic anemia 


necrosis of liver 
Bronchopneumonia 

a) Cor pulmonale 

b) Pulmonary emphysema 
c) Bronchiectasis 


a) Hemangiosarcoma of stomach, 


lungs, and brain 


b) Transfusion hemosiderosis with focal 


heart, 


a) Old and recent myocardial infarction 


b) Central necrosis of liver 
a) Myasthenia gravis 

b) Thymoma 

a) Pulmonary infarction 


Benign nephrosclerosis 

a) Diabetic coma 

b) Fatty liver 

a) Carcinoma of prostate, 
bone 


b) Chronic pyelonephritis 


Old myocardial infarction 


metastases 


| 
H 
5. 
Hyper 
Hyperemia of lungs 2) 
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Fig. 2.—Stomach with normal pyloric mucosa and areas of mucus-producing 
adenocarcinoma. SO 


Fig. 3.—Section from lung showing pleura (1) and vascular invasion by carcinoma (2). « 8 lin 
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Case Reports. Case 1. A 46-year-old man the following sites were considered critical: 
ie to the hospital because of weakness and the Jungs, stomach. .nd prostate. Actually, 
ertional dy pnea of recent onset. Except adequate specimens Ww obtained from the 
r marked pallor, the physical examination following sit stomac!, liver, lungs, kidneys, 
tt remarkable and extensive laboratory prostate, pancreas, and a hilar lymph node. 
k-up revealed the following pertinent The section of stomach presented the picture 
emoglobin was 5 gm.%, liver of a mucus-poducing adenocarcinoma ( Fig. 
tions were normal except for an alkaline 2). There was histological evidence of inva- 
phatase f 197 Bodansky units (upper sion of the pancreas with metastases to the 
rmal 4 unit The acid phosphatase was lungs (Fig. 5), liver and hilar lymph node. 
) King-Armstrong units (upper normal 2.0 Multiple specimens f the prostate failed to 
ind the prostatic acid phosphatase reveal carcinoma 
is 2.8 unit upper normal 0.6 units CASE 2. A 7%-year-old man came to the 
Fishman a Lerner! ), A chest roentgeno- hospital with complaints of fever, weakness, 
ox 
1.—Section from kidney with necrotizing angiitis. 155 
reve liarv nodules in both lung dyspnea, cough and hemoptysis of one 
Roent grams of the bones were month's duration. He also complained of 
remark \ complete gastrointestinal “aching” pain in the legs. The patient ap- 
wa |, although the stomach ap- peared to be chronically ill; he was pale, 
red small and peristalsis appeared to be dehydrated and moderately confused. His 
tly decreased in this organ during blood pressure was 188/100 and _ his heart 
py rhe bone marrow contained rate was 110 per minute. No other gross 
of anaplastic carcinoma cells. The abnormal findings were described. The hemo- 
ent died after a brief, fulminant course. globin. was 8 gm. % and the nonprotein nitro- 
lission for a routine necropsy was re- gen was 207 mg., and creatinine 9.0 mg. 
However, because the primary site of | The roentgenogram of the chest revealed 
cinoma was not determined and be- small opacity adjacent to the right hilum. 
of the unexplained extremely high The patient became increasingly stuporous 
ine phosphatase and the elevated acid and died within a few days; thus there was 
prostatic acid phosphatase, permission little opportunity to investigate his obvious 
1 needle necropsy was requested and__ renal disease. The clinical picture indicated 
ted. The clinical story was reviewed and 


that this patient may have had broncho- 


| 
| 
| 
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venic carcinoma. Before the needle necropsy tions of — this procedure Inadequate 


was performed it was decided that the kid diagnoses mav result because the in 


neys, liver and lungs were the critical an volved organ Ol site is not accessible 
Specimens of the kidneys revealed necrotiy 
j to the needle or because a specimen 


ing angiitis (Fig. 4) No carcinoma was 

exhibited by the needle necropsy The diag from these areas might not be repre 
nosis of the complete necropsy Was periar- sentative of the entire organ o1 system. 
teritis nodosa. No carcinoma was found \lso the sample obtained may be in 


adequate because this is a “blind” 
Summary. Reported above are the a 
li 1] G3 procedure. 

fine Ings necropsy Diseases which involve Organs like 
of which 50 were checked by com the liver, kidneys, and lungs and 
plete necropsy. which produce palpable masses are 
Needle necropsy is of value when jyorye amenable to diagnosis by the 


permission for a complete necropsy — jeedle necropsy technique. In disease 


cannot be obtained. (A written con ol these organs, the correct diagnosis 
sent, however, should be obtained for was made in each instance where ad 
the performance of a needle necropsy. quate specimens were obtained 

The comparison — of the results of In addition to substantiation of thi 


needle and complete necropsies of the — clinical impression, the needle necropsy 
same patients revealed discrepancies — can provide diagnoses which are not 
in 52%. This demonstrates the limita- suspected clinically 

ACKNOWLEDGMENT: We are grateful for the technical assistance of Miss Olevi Jennett 
ind Mrs. Gaida Barens 
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SUMMARIO IN INTERLINGUA 
(See page 493 for original article 
Studios Metabolic In Patientes Recipiente Hormon Mobilisator De Lipido 


1. Mobilisator de lipido esseva administrate diurnemente durante 2 septimana 
a 4 patientes mantenite a un dieta que provideva solmente 4,8 ¢ de grassia pel 
die. In iste individuos, il resultava un elevation frappante del cholesterol ce 
plasma, del acidos grasse, e del phosphoro lipidic e un augmento definite in | 
excretion fecal e urinari de cholesterol. 

Iste effecto non esseva observate quando le mobilisator de lipido essev 
administrate a 2 altere subjectos mantenite a dietas que pro\ ideva 99 e 153 o d 
grassia per die, respectivemente. 

3. Le responsa a mobilisator de lipido depende apparentemente del appropriat 
conditiones metabolic al tempore del injection. Un dieta que es multo basse i 
su contento de grassia permitte un marcate hyperlipemia post le administratic 
de mobilisator de lipido, durante que un dieta a alte contento de grassia preve 
un tal responsa a simile quantitates de mobilisator de lipido 
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IMMUNOLOGICAL ASPECTS OF TOBACCO AND SMOKING® 
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sunVEY of the literature has failed comprehensively investigated, and the 
eveal any previous comprehensive gaps in our knowledge of this subject, 
ew of the immunology of tobacco. more particularly of the fundamental 
bacco, used thus without qualifica- | mechanisms involved, will become only 
may be taken to refer to tobacco too apparent in the course of the dis- 


lf, or to any preparation of tobacco, 


uding tobacco smoke, or to any 
stituent of tobacco or tobacco 
ke.| The adjective “comprehensive” 
lied to the present review is in one 


the im- 
iology of tobacco has been far from 


e, however, a misnomer: 


pported by 
the 
tory tor ol 


wl 


kind assistance of the Library 


iining for our review many of 


srant from the Tobacco Industry Research Committee. 


cussion, though these may have the 
desirable effect of directing attention 
to the urgent need for basic immuno- 
logical tobacco research experi- 
mental animals. But in another sense, 
this review is comprehensive, in that 
it brings into one compass the avail- 
We also wish to 


of the American Tobacco Company Research 
the articles cited in foreign publications. 
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able published work, experimental and 
clinical. 
aspects of tobacco and smoking 


treating of immunological 

This review will be divided into 3 
parts, the first dealing with the im 
munology of nicotine, the second with 
the immunology of tobacco and tobac 
co smoke, the third with the influence 
of tobacco on immune reactions. 

PART I OIF NICOTINE. 
The chemical configuration of the 
nicotine molecule affords no reason to 
believe that nicotine is in itself anti 
genic. A vast number of investigations 
on the acquired tolerance of nicotine 
in many animal species have furnished 
no evidence that injection of nicotine 
gives rise to any immunological respons¢ 
whatsoever, although it should be 
pointe d out that the technique of drug 
administration, particularly in its quan 
titative and temporal aspects, used to 
investigate the phenomenon of tolet 
ance differs radically from that em 
ployed in attempts to elicit antibody 
formation. It should be further borne in 
mind that certain simple chemical com 
pounds, not antigenic in themselves, 
mav, as Landsteiner and his co-workers 
have demonstrated, give rise to anti 
body formation through combination 
with body proteins; but the necessary 
techniques for eliciting this phenom 
enon do not appear to have been ap 
plied to nicotine. 

The nonantigenic nature of nicotine 
is implicit in an early experiment by 
Hatcher 
attempt to use serum of nicotine 


who was unsuccessful in an 


tolerant rabbits to protect guinea pigs 
from the toxic action of nicotine. 
Bernot® stated that it was not possible 
to obtain even mild immunization 
against the toxic effects of tobacco 
smoke in dogs injected daily for 2 to 
3 months with 1 mg. nicotine. 
Fukuda** 
kg. nicotine subcutaneously twice a 
day, and reported that the animals 


gave 2 rabbits 1 mg. 


November, 1957 


showed no allergic reaction to the drug. 
fo 2 other rabbits receiving nicotine 
he gave daily intravenous injections 
of 2 mil./ke. of bovine serum; these 
animals developed positive Arthus reac 
tions to intradermal injection of the 
serum, and of the serum plus nicotine 
but not to nicotine alone. Thus, nico 
tine did not here ict as a haptene 
that is, an incomplete antigen incap 
able alone of causing the production 
of antibodies, but capable of neutraliz 
Ing spec ific antibodies but other ex 
periments by Fukuda appear to’suggest 
that nicotine may 


possibly POssess 


some still-obscure haptenic activity 
Following a report by Takatsu) and 


Araki (Nippon | 


ll, 75, 1947 on. the presence of an 
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antibody specific for cardia phospha 
tide in the blood of subjects suffering 
from myocardial disturbance, Fukuda 
studied 7 rabbits given nicotine plus 
bovine serum and 6 rabbits given nico 
tine only. Most of the animals given 
the combination of nicotine and fon 
eign protein exhibited a positive car 
diac phosphatide reaction and electro 
cardiogram, and_ histologic — studies 
clearly indicated the presence of myo 
carditis; most of the rabbits given 
nicotine alone exhibited the reaction 
but without evidence of myocarditis 
As a preface to the discussion of 
tobacco allergy in man, a distinctior 
must be drawn between the immuno 
logical and pharmacological effects ol 
nicotine and tobacco. It is well recog 
nized that 2 types of abnormal reaction 
to these substances may be. distin 
guished, the first an exaggeration « 
the characteristic pharmacological et 
fects of tobacco or nicotine on a norm: 
person (namely, a quantitative diffe 
ence in response the second the ox 
currence of phenomena which do not 
effects Ol 
that is, a qualit 


resemble the — ordinary 
tobacco or nicotine 


tive difference in response), but b 
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(that is, 
There has 


long to the 


intigen-antibody 


illergic type 
reaction ) 
| a considerable amount 


een however 


confusion with respect to terminol- 


oy, the terms “idiosvncrasv” and “hy- 


ersensitivity being employed, now for 
ne, now for the other, of the 2 types 


of responses and occasionally even 
being used as synonyms. In this review, 
diosyncrasy will signify that qualita 
five response to tobacco or nicotine 
vhich does not resemble the ordinary 
yharmacological effects of these sub- 


but constitutes an allergic re 


tances 


ction whil hype rsensitiveness or 
ypersensitivity refers to the quanti 
tive difference in response to the 
rdinary pharmacological actions. It 
ill be seen that idiosyncrasy bears 
1 same relationship to immunity as 


persensitivene ss to tolerance. 


\ very curious report by Karren 
el it taken at its face value, ap 
ears to indicate that nicotine mav act 


i hapten 
i 


Karrenberg’s patient 


wed strong patch tests to tobacco 

one; and | drop of 1:1 million nico- 

ne prepared trom crude tobaccos 

I issaged gently into an area of the 
kin which had been supertic ially 
raped resulted in characteristic symp- 


Although 


ms of 
nicotine 


probabi ity IS 


inaphylactic shock. 
that the 
lution so prepared also contained 
ices of protein anaphylactogenic ma- 
rial, the 
noteworthy 
In tobacco 


indiv iduals, 


occurrence of anaphylaxis 


sensitive (tobacco idio 


cratic intradermal 


ection of nicotine-free extracts of 
acco leaves or tobacco smoke gives 
flare 


this is 


to an immediate wheal and 


Part II, 


immune reaction. Stauffer!!®!'' re 


ction Ser below 


led the case of a female tobacco 


rkel 
na, and was found to have a high 
skin sensitivity 


tests 


who suddenly developed €c- 


ree of to tobacco, 


e skin with nicotine were 
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negative. In subjects showing positive 
skin reactions to tobacco extracts, simi- 
lar skin tests performed with 1: 10,000 
and 1:5,000 nicotine tartrate were neg- 
ative ( Harkavy'**"' 
of 21 tested, 0.4% nicotine sulphate gave 
a definitely positive reaction (Sulz- 
Scholder Feit!’ ). Skin 
tests with dilute nicotine solution were 


'*) In one case out 


berger, and 
also negative in patients with thrombo- 
angiitis obliterans ( Harkavy 120,46 Sulz- 
und in patients with coro- 
( Harkavy**" ), 


although in 312 routine patch tests on 


berger! 


artery disease 


patients with dermatitis, 17 showed 


weak and 2 showed strong reactions to 
(Swineford and 


. These results indicate that 


nicotine salicylate 
Radford!" 
nicotine plays little if any role in to- 
bacco sensitivity (Sulzberger! ), and 
Rosen”” has expressed the opinion that 
skin tests with nicotine are of no value 
at all. Nevertheless, Harkavy'** did not 
altogether rule out nicotine as possibly 
plaving an accessory role in sensitiza- 
tion to tobacco, arguing that it was well 


known that sensitiveness to certain 
drugs and chemicals might exist in 


spite of negative skin reactions. He 
that nicotine might act in 
one of 2 ways: (1) by combining with 


reasoned 


the body proteins to form antigenic 
conjugates capable of sensitizing the 
individual and stimulating antibodies 
which react spec ifically with the hap- 
tene, or (2) as a haptene combined 
with the tobacco-leaf protein; investi- 
gations of sensitivity to the latter might, 
therefore, imply sensitization to 
both nicotine tobacco protein 
(Harkavy** ). attention 
to the fact that, although pharmaco- 
logically significant amounts of nicotine 


and 
Lowell™ drew 


appeared to be absorbed in the course 
of smoking, this point has received 
little attention in assessing the role of 
tobacco in the production of allegedly 
allergic disease. It should be kept in 
mind that overemphasis of possible 
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immunological aspects of tobacco tends 
to minimize the importance of the 
nicotine, 


pharmacological action of 


and vice versa, and Lowell's reminder 
is timely. Harkavy'S emphasized that, 
in evaluating the reactions of the living 
organism to such a complex substance 


take 


allergy to nicotine and 


as tobacco, one must into con- 


sideration: (1 
other components in smoke; (2) sensi- 
tization to the allergenic constituents in 
the tobacco leaf; and (3) the pharma- 
nicotine which 


cologic factor in may 


play a synergistic role in the allergic 
response of hypersensitive [that is 
idiosyncratic] individuals with intact 


sympathetic nervous systems who mani- 
fest cardiovascular abnormalities as a 
result of smoking. 

PART II 


INIMUNOLOGY OI! rOBACCO 


AND TOBACCO SMOKE. Since tobacco 
leaves contain protein, it might be ex- 
pected that aqueous extracts of to 
bacco would be antigenic and lead to 
tormation in 
Indeed, 

this 


would seem to be essential, and basic 


antibod, susceptible 


animal species. unequivocal 


demonstration of phenomenon 


to any study of tobacco sensitivity in 
man. Yet the fundamental animal ex- 
periments have not been undertaken. 

Harkavy***°* gave 1] 


female rats intraperitoneal injections of 


male and 3 


extracts 
dav tor 6 to 12 weeks: 5 of the males 


denicotinized tobacco every 
and all 3 females received tobacco ex- 
tract only, but the other males were 
y injected with another 
well 


simultaneously 
antigen as (horse 


white, 


serum, 
meningococcus 
toxin). Eight of the males showed evi- 
having been 
tobacco, in that isolated intestinal strips 
trom 


ragweed, or 


dence of sensitized to 
contracted when 
tobacco extract was added to the or- 
(Schultz-Dale reaction); no evi- 
dence of sensitization to the other anti- 
found. After the intestinal 
preparation was washed, addition of 


these animals 
gan 


gens was 
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the same quantity of tobacco extract 
which had previously caused prompt 
effect, indicating 
desensitization of the gut. None of the 
injected 


contraction had no 


females became sensitized 
and isolated intestinal strips from con 
Schultz-Dale 


reaction to tobacco extracts. Similar re 


trol animals showed no 


sults had been prev iously reported b\ 
Friedlander, Silbert and Laskey 
injected extracts of 60% denicotinized 


who 


tobacco and produced gangrenous le 
1S male rats 
but in none of 12 females. Control males 


sions of the toes in 33 of 


living under identical conditions did 


not develop gangrene; nevertheless 


the occasional appearance of sponta 
neous gangrenous degeneration in the 
toes of their own rats kept In cages 
led Thienes and Butt 


relationship claimed by 


£6 question the 
Friedlandei 
and co-workers between the injected 
tobacco and the development of gan 


Harkavy'** did not 


criticism. 


but 
this 
on Harkavys 


accept Commenting 


experimental results 
Lowell™ considered it surprising that 
should be 

allergen than 
bot] 
in othe 


should 


apparent sex differences. Harkavy’s ey 


in the male rat tobacco 
more active antigen or 
either egg white or horse serum 
known to be highly antigenic 


animals, and also that there 


periments were repe ated by Lopes di 


Faria™’*!, who injected 41 white rat 
of various ages with  nicotine-fre 
tobacco extracts once daily for 114 


days, and found the precipitin tests f 
tobacco in the blood serum negativ 
at the end of the experiment. Schult 
Dale 


tobacco extract-injected rats, and « 


tests were made on all but 
some control animals; all were negativ 
with the exception of one case whi 
the author stated could be interpreted 
in several ways. Lopes de Faria su 
that his failure to 
Harkavy's results might be due to tl 
possibility that the varieties of tobac 


gested confi 


he « 
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he employed had a much lower anti- 
enic power than the tobaccos used by 
Harkavy: the former made his extracts 
tobacco 


om t varieties of cured 


ives grown in Minas Gerais, while 
he latter used pooled extracts trom 
Burley, Maryland, Virginia and Xanthis 
lurkish The 


Lopes de Faria appear to be the 


ore conformable to 


tobaccos. results of 


immunological 
ipl 


In view of the scarcity of attempts 


immunize animals with preparations 


f tobacco, it would seem very desir 


that fundamental immunological 
vestigations 


al m su ceptible spec ies (for ex 


of tobacco protein be 


npl rabbits using as antigens both 


reen and cured tobacco leaves, and 
inv varieties of tobacco: and that 
ss-immunization studies also be 


ide to cle termin whether an animal 


itized to one varietv of tobacco be 
sitive inother one. Similar studies 
ld be made with tobacco-smoke 


cts, since Pipes* has presented 
that 


roy to tobacco smoke is an entity 


portan evidence suggesting 
allergy to tobacco. 
ested that different 


les of pipe tobacco, cigar tobacco, 


trom 
han Sug? 

cigarettes might differ in antigenic 
tivity; the different 
deve lop the characteristic flavor of 


materials used 
rious brands also might be antigenic. 
e tobacco smoke is an aerosol, and 
ve sensitization by means of anti- 
aerosols is possible, it would be 
onable_ to able to 
ce tobacco-smoke sensitivity in ani- 
through inhalation. An editorial 
he Medical Times (45, 171, 1917) 
igo pointe d out that inhalation of 
combustion products of tobacco 


‘ xpect to be 


led a very direct mode of access 

ie blood, and that it was reasonable 
t uppose that the inhalation — of 
cco protein was capable of pro- 


ng allergic effects. In order to 
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with 
tobacco-smoke sensitivity, it must be 


equate tobacco-leaf sensitivity 
assumed that tobacco protein is not 
destroyed or denatured by combustion, 
which is highly unlikely; indeed, the 
work of Pipes*> furnishes evidence for 
the belief that tobacco protein is al- 
tered by the processes of combustion. 
Rosen”** further that 
neither tobacco-leaf nor tobacco-smoke 
extracts duplicate too well the actual 
smoke as it contacts the nose, mouth, 
and lungs. With this in mind, tobacco 
smoke (inhaled 


emphasized 


should also be tried 
as a shocking antigen in immunological 
studies on animals sensitized to tobac- 
co or tobacco smoke, or both. 

Skin Tobacco. Sulz- 
berger, Scholder and Feit!'® observed 


Reactions to 


3 types of positive skin responses using 
eczematous reac- 
flare 
reactions; 3) late reactions, 
probably of the type. 
also described delayed reac- 


tobacco extracts: | 
tions: 2) immediate wheal and 
(erythema 
tuberculin 
tions 2 to 4 davs after intracutaneous 
injections of tobacco extract: biopsies 
showed an acute dermatitis. In tobacco- 
sensitive subjects, intracutaneous injec- 
tobacco-leaf ex- 


tion of nicotine-tree 


tracts or tobacco-smoke solution may 
result in the development within 10 to 
20 minutes of a wheal, pseudopods, 
and erythema. A similar reaction may 
occur if the injected solution is  irri- 
tant or if it contains histamine. Fontana, 
Redisch, Nemir, Smith and Sulzberger?" 
(personal communication ) concluded 
that the tobacco extracts employed by 
them were not primary irritants, and 
that the positive wheal reactions of the 
skin to intradermal injections of these 
tobacco extracts were due to specific 
sensitization; and, in view of the care 
taken to avoid the use of extracts giv- 
ing nonspecific reactions, and of the 
wide experience of the workers in the 
field, Lowell™ was of the opinion that 
in most instances skin reactivity to an 


| 
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extract of tobacco actually means the smokers (Table 1B) has been reported “is 
presence of allergy in some degree to to be considerably higher than this by rT 
something in the extract. (It will be some _ investigators for example ph 
recalled from the preceding discussion Harkavy Sulzberger), but not by a 
that this is not synonymous with saying others (for example Trasoff, Blumstein ee 
skin reactivity to “tobacco” or to and Marks!*'); and the higher inci po 
“tobacco smoke.” ) Using the intrade1 dence among smokers was presumed a 
mal technique, the incidence of skin — to be a direct consequence of greater - 
sensitvity to tobacco extracts in clin exposure to tobacco and tobacco smoke | 
ically healthy adult nonsmokers has Lowell®™ ). po 
ski 
rABLE 1 INCIDENCE OF SKIN SENSITIVITY TO TOBACCO EXTRACT the 
IN NORMAL SUBJECTS san 
hig 
\ Tol rea 
Ney ( fs 
\ NONSMOKERS not 
Harka \dult females 12 of ( 
Sulzberger Healthy adult 16 
lrasotf, Blumstein and Marks Normal subject esti 
Peshkin and Landay 00 Normal children 17.5 rou 
Normal children 16.7 rear 
Lima and Rocha 200) Normal male childret 1.0 
tine 
RB SMOKERS con 
Harkavy, Hebald and Silbert 107 Cigarette smokers 9.3 f 
atl 
Harkavy 166 Male cigarette smoker S 4 
Harkavy 200 Normal smokers 
Hark \ na Male smokers 11 wa 
100 Female smokers 
Harka Normal smokers CCl 
Sulzberger is Healthy male and fen kers 6 S 
Sulzberger 0 Healthy adults 
lrasoff, Blumstein and Marks Normal smokers 17.5 4 
( *NorRMAL CONTROLS SMOKING Harirs Not ) on: 
ftomanoff and Rubin 6S Normal controls 16 mul 
(sree! 100 ‘Healthy controls 1S t 
CLIT 
Also sensitive to other allergens (see text | om 
Sensitive to tobacco alone see text iVil 
tr; 
been shown to range from 12 to 21.3%; Harkavv'® reviewed studies on sk , 
0 
and in normal (nonallergic) children, sensitivity to tobacco extracts in cli I 
who had never smoked nor had con- others, and stated: “These findings ind ak. 
tact with tobacco except in the most cate that about 3 times as many smo ~s 
casual way, the incidence ranged from ers react to tobacco’ extracts 
7.5 to 17.5% (Table 1A). Of 500 indi compared with nonsmokers. This is in ee 
viduals tested, 79 or 15.8% showed posi- accord with the well-known fact that m 


tive skin tests to one or more of the repeated exposure to a given allergen 
tobacco extracts used (Fontana et al.**, may result in the development of po 
personal communication ). The inci- tive skin reactions as well as circulating 


dence of skin sensitivity in normal antibodies indicative of an immu 
un 
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response In tobacco we have an 
Ulergen which permeates the atmos- 
pher 365 davs a year, a period which 
exceeds the pollenating season in many 
communities. Hence, the sources of ex- 
posure and possible sensitization are to 
be found not only in smoking but also 
in tobacco dust in the atmosphere.” 

In smokers from among hospital 
populations the incidence of positive 
kin tests to tobacco extracts was of 


the same order as that reported by the 


same authors for normal smokers 

Fable 1¢ Bowman!’ found an even 
higher incidence of positive tobacco 
reactions In a group of 23) normal 


nurses (whose smoking habits were 
not, however, given) than in a group 


f 60 normal male smokers. It is inter- 


sting to note that Lima and Rocha“ 
mind the incidence of positive skin 

ictions to tobacco to be 30% among 
the children whose mothers smoked, as 
ompare d to 13.4% where only the 
fathers smoked 
uthors that 
iv of the maternal milk might have 


cecurred 


this suggested to these 


nsitization in utero or by 


Since skin sensitivity to tobacco ex- 
cts is often accepted as a measure 
tobacco allergy, it is necessary to 
nsider the subject in the light of 
ultiple sensitivity or the allergic consti- 
tion. Trasoff, Blumstein and Marks!*! 
und 25% of 24 allergic nonsmokers 
ving positive skin tests to tobacco 
tract compared to 47.1% of 17 aller- 
smokers in whom tobacco plaved 
part in their clinical manifestations. 
i series of 53 asthmatic children 
ed 3 to 12 years, 88.7% gave positive 
in reactions (Chobot'>), and in an- 
ier series of 164 allergic children 


ed 2 to 15, 69.5% showed positive 
ictions (Peshkin and Landay**"), 


latter figure being about four times 
high as in the control series of non- 
ergic children. Lima and Rocha*® 
ind 17.5% of 200 allergic children 
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aged 2 to 13 showing positive skin tests 
to tobacco extract, compared to 7.5% 
of an equal number of nonallergic male 
children aged 5 to 13. 

Harkavy and Romanoff*® tested the 
skin reactions of 100 normal male 
smokers and 100 normal female smok- 
ers to tobacco, ragweed, and timothy 
pollen; 11% were sensitive to tobacco 
to the three allergens 
in various combinations. Twenty-seven 
of 76 tobacco-sensitive subjects also 


alone, and 27% 


gave various skin reactions to foods 
(Harkavy*?), and 
Harkavv'*""" considered that such re- 


and inhalants 


actions in normal persons might be 
an expression of a general allergic re- 
sponse which is usually characterized 
by a multiple sensitization. Multiple 
sensitization was also found in pa- 
tients with thromboangiitis obliterans 
(Harkavy, Hebald and Silbert®!). Ac- 
cording to Trasoff, Blumstein and 
Marks!*!, 11 of 52 normal nonsmokers 
reacted slightly to tobacco, 9 to house 
dust and feathers, and 2 to timothy 
extract; less than 50% of patients with 
thromboangiitis obliterans or allergy 
reacted to tobacco extracts, while al- 
most all reacted to one or more of the 
other allergens tested ( ragweed, tim- 
othy, house dust, feathers). In Peshkin 


S4a.l 


and Landay’s series of 200 non- 
allergic children, 35 or 17.5% showed 
skin sensitivity to tobacco, and of these 
35, 83% also showed skin sensitivity to 
pollen. Of 150 nonallergic children, 25 
or 16.7% showed positive skin tests to 
tobacco extract, and 23 or 92% of these 
latter also showed skin sensitivity to 
dust. No correlation could be found in 
these nonallergic children between sen- 
sitivity to tobacco antigen and _ sensi- 
tivity to dust antigen, but in allergic 
children similarly tested with tobacco 
and pollen, a parallelism was found 
between the two, the positive reaction 
to tobacco being more closely bound 
up with the positive reaction to pollen 
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than vice versa (Peshkin and Lan 
day***"). Green*? reported that 13% of 
100 normal controls (smoking habits 
not given) reacted to tobacco alone, 
15% to pollen-dander alone, and 32% 
to the combination; 40% were nonreac 
tors. The relatively low incidence of 
skin sensitivity to tobacco’ extracts 
alone (11% and 9%, respectively ) should 
be contrasted with the 38% incidence 
of positive reactions in normal smokers 
(Harkavy and co-workers; see Table 
1B), the difference, as Harkavy him 
self pointed out, being due to multiple 
sensitivity; it is thus a moot question 
whether the figure of ca. 10% or of ca. 
10% represents the truer measure of 
tebacco sensitivity in the absence of 
data concerning the presence ol 
reagins to tobacco in the positive 
reactors 

Antibodies in the serum of indi 
viduals showing skin sensitivity may 
be identified by passive transfer of 
such serum into the skin of nonsensitive 
individuals, the so-called Prausnitz 
Kiistner reaction, in which blood se- 
rum from an allergic individual is 
injected into the skin of a normal 
individual: 6 hours to several days later, 
the prepared site shows an urticarial 
reaction when injected with the anti- 
gen to which the donor is allergic, 
while other parts of the recipient's skin 
show no response. (The Prausnitz- 
Kiistner reaction is also referred to as 
the “passive transfer” test, the antibody 
being transferred from the reactor to 
the normal recipient also being termed 
a “reagin.” ) A substantial proportion of 
individuals with skin sensitivity to a 
given antigen have antibodies in their 
serum capable of giving a Prausnitz- 
Kiistner reaction, and this reaction is 
highly specific for the antigen (aller- 
gen) in question. 

Using the passive transfer technique, 
Harkavy and his co-workers claimed to 
have frequently demonstrated — the 


presence of tobacco reagins in patients 
giving positive skin tests to tobacco 
extracts (Harkavy, Hebald and Sil- 
bert®!; Harkavy” Harkavy and 
Witebsky®®; Harkavy""®). On the 
other hand, Sulzberger and his col 
leagues could not regularly demonstrate 
the presence of reagins in the serum 
of reactors (Sulzberger, Scholder and 
Feit!®; Sulzberger and Feit!!*; Sulz 
berger''*”), and he expressed himself 
as being in complete disagreement 
with Harkavy (Sulzberger). Thus 
Sulzberger considered allergy to tobac 
co to be nonatopic while Harkavy 
considered it atopic. In general, other 
workers have confirmed the findings 
of Sulzberger rather than of Harkavy. 
Ehrenfeld and Sturtevant*'*° reported 
negative Prausnitz-Kustner reactions in 
tobacco-sensitive peptic ulcer patients: 
Trasoff, Blumstein and Marks'*! could 
demonstrate no reagins in the serum 
of tobacco-sensitive patients — with 
thromboangiitis obliterans or coronary 
disease, nor in normal nonsmokers who 
reacted to tobacco, but did obtain one 
positive transfer in 6 allergic non 
smokers who showed slight reactions 
to tobacco: Westcott and Wright! 

obtained a positive result in only 1 of 
5S passive transter experiments using 
the sera of tobacco-sensitive thrombo 
angiitis patients; Bowman!? studying 
thromboangiitis patients who were sen 
sitive to tobacco as well as to other 
allergens (ragweed pollen, timothy 
pollen, horse dander ), found that, witl 
one exception, passive transfer ot th 
tobacco reagins was successful onl 
when a positive passive transfer wa 
obtained with one or more of th 
allergens tested. In several studies on 
allergic children, Chobot!® selected the 
1 most marked reactors to tobacco fo 
testing, and reported that passive trans 
fer tests were negative: in contrast 
Peshkin and found tha 
72% of the allergic children in thei 
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series with positive skin reactions to 
tobacco also gave positive Prausnitz- 
Kiistner reactions, while children with 
negative skin reactions had negative 
passive transfer tests. Lima and Rocha*® 
tested skin 
nonallergic and 200 allergic children; 
I5 of the former and 35 of the latter 
showed positive skin reactions, and 


eactions to tobacco in 200 


6 and 15, respec tively, reagins could be 
demonstrated in the blood; tests for 
reagins in children with skin reac- 
tions were negative. The specificity of 
the reagins to tobacco allergy and the 
nonexistence of cross-reactions between 
this allergen the 
pollens (grass and ragweed) could be 


learly demonstrated by passive trans- 


allergens of 


fer studies: none of the other allergens 
to which children were already sensi- 


ized were capable of exhausting or 


neutralizing the tobacco reagins found 
n the 15 allergic and 6 nonallergic 
hildren 

Lowell has pointed out that the 
ick of accord among the workers in 
the field regarding the presence or 
bsence of tobacco reagin in tobacco- 
ensitive subjects is important because 
there is no known mechanism other 
than an antigen-antibody reaction 
vhich can — this phenomenon. 


However, he added, even a single 


ince in which the phenomenon was 


nequivocally demonstrated would 
uffice to establish allergy to tobacco 

an entity. Harkavy*® listed several 
ostulates necessary to demonstrate the 
llergenicity of tobacco: (1) the test 
bstance must be nonirritative in na- 
ire and, therefore, give negative reac- 
ons in nonallergic persons who have 
id no previous contact with it; (2) 
sitive skin reactions should be ac- 
mpanied by specific reagins ( anti- 
idies ), at least, in some of the reacting 
dividuals; (3) the whealing response 
iaracteristic of the immediate reac- 
mn should manifest local esosinophilia 
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on histologic section; and (4) it should 
be possible to elicit specific clinical 
symptoms in the patient after exposure 
to the reacting substance, followed by 
their disappearance upon_ its with- 
drawal. After a review of the literature 
on the subject, Harkavy*® decided that 
all of the above postulates had been 
satisfied. It is, indeed, beyond question 
that allergy to tobacco extracts, pre- 
sumably atopic in nature, is an estab- 
lished fact, although the true incidence 
of such allergy is far from clear. 
Westcott and Wright!** have main- 
tained that the high incidence of 
positive skin reactions to tobacco ex- 
tract canted by other investigators, 
and interpreted by them as allergic re- 
actions, was due to some of the mz ny 
nonspecific skin reactions from chemi- 
cal irritation; and Sulzberger!'*  be- 
lieved that both skin tests and reagin 
demonstrations with an allergen were 
of significance only in conjunction with 
and in support of clinical evidence 
pointing to the same substance. Obvi- 
ously, immunological signs of tobacco 
allergy may exist without symptoms, 
and symptoms of tobacco allergy may 
be present in the absence of demon- 
strable immunological signs. 

Further evidence that skin sensitivity 
to tobacco extracts may be a true im- 
munological reaction is furnished by 
the demonstration of specific absorp- 
tion of tobacco reagins by correspond- 
ing tobacco allergens in cases with 
multiple sensitization. Skin tests per- 
formed by Harkavy and Witebsky*® 
on a subject who had used snuff for 
395 years gave 4-+- reaction to tobacco 
and 1-++ to ragweed, and passive trans- 
fers made with whole serum showed 
marked reagins for tobacco and none 
for ragweed. Serum was then mixed 
with tobacco extract in various dilu- 
tions, the mixtures injected into the 
skin of normal receptors, and the site 
tested 24 hours later with tobacco ex- 
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tract, when negative reactions were 
obtained, indicating absorption of 
tobacco antibody by the tobacco anti- 
gen. A second patient gave multiple 
skin reactions in different degree for 
timothy, tobacco, and corn. Preliminary 
addition of timothy extract to serum 
in vitro exhausted the reagin for 
timothy and corn, but not for tobacco: 
previous addition of tobacco extract to 
the serum fixed the reagin for tobacco 
and corn, but not for timothy; addition 
of corn extract to this serum absorbed 
the corn antibody, but did not influ 
ence the tobacco or the timothy anti 
body, indicating that the reagins for 
timothy and tobacco were specific and 
independent, and consequently that the 
skin reactions were due to an antigen- 
antibody mechanism. In this connec- 
tion, experiments reported by Pipes** 
are significant. Passive transfer of serum 
from an individual giving a positive 
history of allergy to tobacco as well as 
a 44 positive skin reaction to tobacco 
extract was made by this worker into 
three nonallergic subjects; these sites 
could be exhausted by tobacco extract, 
but were only 30 to 40% exhausted by 
tobacco-smoke extract. Similar passive 
transfer experiments were made with 
serum from an individual giving a 
positive history of allergy to tobacco 
smoke and a 4+ skin reaction to 
tobacco-smoke_ extract; these sites 
could be exhausted with tobacco-smoke 
extract, but only 40 to 50% exhausted 
by tobacco extract. 

Harkavy and Witebsky*®® found that 
the tobacco antigen diluted 1:10,000 
gave positive reactions when tested in 
a site passively sensitized with whole 
serum, and that undiluted antigen solu- 
tion elicited positive reactions with 
serum dilutions through 1:125; such a 
degree of serum as well as of antigen 
dilution was considered by them sug- 
gestive of the specific nature of the 
reaction. 


Harkavy®® described the induction 
of a characteristic local eosinophilic 
reaction in the immediate urticarial re 
sponse in patients giving positive skin 
tests with tobacco extracts; biopsy 
studies of the immediate and late skin 
reactions to tobacco and saline controls 
showed eosinophils, varying in number, 
in the histologic sections of the imme- 
diate urticarial wheals produced by 
the tobacco allergens in 7 of 9 cases 
This eosinophilic response Was con 
sidered by Harkavy as further evidence 
of the specificity of the skin reactions 
to tobacco extracts but Lowell™ 
stated this demonstration begs the ques 
tion so far as any causal relationship 
between skin tests and disease is con 
cerned. In connection with the eosino 
philic response reported bv Harkavy, 
it mav be mentioned that Deschiens 
and Poirier*! found that aqueous ex 
tracts of dried tobacco leaf given hy 
podermically every other day for at 
least 18 days were eosinophilogs nic in 
the guinea pig after a latent period 
of 5 to 6 davs: this reaction may have 
represented an immunological response, 
and mav offer a hint to the direction 
of future work. 

In tobacco workers giving histories 
of dermatitis, pate h tests using tobacco 
leaves were largely negative (Rut 
Schwartz!’': Vero 
and Genovese!**: Samitz, Mori and 


ledge!®’; Franchi 


Long!®'): patch tests made with paste 
used in the manufacture of cigars were 
positive (Franchi*®), and a mixture of 
paste and tobacco leaf gave stronger 
skin reactions than leaf alone (Vero 
and Genovese!**). 

Evidence that the allergen in tobac- 
co giving rise to skin sensitivity is not 
nicotine has been presented in Part I. 
It may be added in this connection 
that Wright and Moffat'*! found no 
direct relationship between the degree 
of fall in peripheral surface tempera 
ture following smoking, and skin tests 


to 
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for tobacco and _ nicotine. 
Malcolm and Coller™ 
tent difference in the skin temperature 
between 10 
viduals who showed skin sensitivity to 
and 19 
who showed no such sensitivity: 
that the 2 
peripheral 

sensitization ) 


Maddock, 
found no consis- 
indi- 


following smoking 


tobacco extracts individuals 
these 
effects 
namely vasoconstriction 
skin due to 


different components of tobacco: 


iuthors considered 
were 
and 
it has been amply demonstrated that 
the peripheral temperature drop fol 
lowing smoking may be duplicated by 
ippropriate nicotine 

According to 
part of th tobacco 
kin reaction of 


tabile and 


injection. 
Sulzberger?! 
which 


that 
elicits the 
idiosyneracy is cocto- 
thermostabile, and is not 
by ultraviolet or Roent- 
ren rays in the dosages employed. 
Harkavy and his 
queous extracts prepared from Burley, 
\Marvland Virginia, Xanthis 
lurkish ) tobaccos: subjects whe were 
report d as hyper-re 


colleagues used 


and 


actors to tobacco 


showed positive skin reactions to one 
r another of these 4 extracts. Sulz- 
berge! employed 10 different ex- 
tracts of tobacco, and found that any 
iven patient showing positive skin 
test to tobacco might not react to all 


but might be 
mixture 


the tobacco extracts, 


to a 
( nsitive to 


ensitive given and not 
any other mixture; he 


ested that it might be possible to dis- 


sug 


over which particular tobaccos gave 
the least number of positive reactions, 
nd thus determine which tobacco was 
ist likely 
| 


anced a Case 


injurious. He in- 
in which patch tests 
with tobaccos from one 
rand of while patch tests 
vith other brands were negative. Six 
f the extracts were prepared by the 
ual methods of (Coca ) 


prove 


ere positive 


cigarette, 


extraction 


rom standard brands of cigarettes and 
ipe tobaccos; the extracts were all 
enicotinized. Fontana and _ co-work- 
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ers**, in a personal communication 
stated that in a group of 79 individuals 
giving positive skin tests to tobacco ex- 
tracts, 40 showed positive reactions to 
extracts made of Burley tobacco, 37 
to Turkish, 45 to Virginia, 47 to mixed 
extracts, and 30 to defatted mixed 
Since there were more reac- 
tions to the mixed brands of tobacco 
extract which was not defatted, and 
fewer defatted mixed 
extract, the defatting process was con- 
sidered to have removed an appreciable 
quantity of esters, aldehydes, and other 
organic compounds ordinarily thought 
» be volatilized in the smoke of the 

Ci ost The findings suggested that 
number of individuals reacted 

to this volatile aromatic fraction alone. 
In the group of positive cases tested, 
the individuals reacted to from one to 
5 of the extracts; this would indicate 
that a person vielding positive skin 
tests might prove sensitive to only one 
specific type of tobacco, and not to anv 


extracts. 


reactions to the 


vik irge 


other type. Trasoff, Blumstein and 
Miarks'*! used extracts made according 
to the method of Coca of various 


cigarettes and 
employed extracts of 
Virginia, Maryland, Xanthis 
and mosaic tobaccos prepared accord- 
ing to the method; Allen, Barker 
and Hines* used extracts from tobacco 
in the commonly-smoked brands of 
cigarettes; Lima and Rocha® employed 
extracts prepared from Burley, Mary- 


brands of common 


cigars; Green** 


Burley, 


same 


land, Xanthis, Virginia, Havana, and 
Baiano tobaccos: Rosen®® used extracts 
from assorted domestic and Turkish 


leaf tobacco. In an attempt to deter- 
mine whether the skin reaction to 
tobacco extract represented a specific, 
qualitative, atopic _ hypersensitivity 
[that is, an idiosyncrasy], or was 
merely a manifestation of a less dis- 
criminating capillary phenomenon as 
produced, for example, by histamine, 
Lounsbury and Oughterson™ pre- 
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pared 4 fractions by chemical pro 
cedures from the green leaf of Con 
necticut shade-grown tobacco: (a) 
adenine sulphate fraction; (b) histidine 
fraction; (c) arginine fraction; (d) 
lvsine fraction; and they compared 
these 4 fractions with (e) an extract 
of whole green tobacco leaf, (f) an 
extract of cured tobacco, and (¢g) his 
tamine in 1:5000 and 1:500,000 dilu 
tion. In intradermal tests with (a)- 
¢g) made on 100 selected subjects, no 
direct relationship was found to exist 
between any 2 of the excitants used 
The lack otf correlation between the 
green-leat extract and the cured leaf 
was thought to point toward the possi- 
bility that there was some component 
of cured-leaf extract, not present in the 
gvreen-leaf extract, which might be re- 
sponsible for the specificity of the 
tobacco reaction in tobacco-sensitive 
subjects with reagins in the blood. The 
authors suggested, although — they 
themselves did not do this, that this 
point should be checked by using an 
extract of the green leaves of the same 
tobaccos used in the preparation of the 
cured-leaf extract. 

Harkavy**” investigated the inci 
dence of skin sensitivity to tobacco 
leaf, tobacco pollen, and tobacco seed 
in 200 normal smokers and in 69 cases 
of thromboangiitis obliterans. Of the 
200 controls, 30% reacted to the tobacco 
pollen and seeds, while 38% reacted to 
the leaf; in the thromboangiitis group, 
59% reacted to the pollen and seed, 
and 78% to the tobacco leaf. In the 200 
controls, no reactions to tobacco pollen 
or seeds occurred without con- 
comitant reaction to ragweed or timothy 
pollen extracts; this was interpreted as 
indicating that reactions to tobacco 
pollen as well as tobacco leaf in normal 
smokers may be an expression of a 
general allergic response. Ratner*! 
(quoted in Peshkin and Landay***) 
advanced the possibility that positive 


skin reactions using tobacco extracts 
might be due to contaminating pollens 
deposited on the tobacco leaf during 
its cultivation and growth in the field 
This possibility may be minimized, 
however, for careful examination of 
several brands of cigarettes by Kaut- 
man” (unpublished observations 
failed to reveal any polen grains 

Positive skin reactions intracu 
taneous injection ol aqueous tobacco 
extracts presuppose that tobacco aller 
gens are soluble, but other possibilities 
should be kept in mind. For example 
Swinetord and Radtord!!" found, in 312 
routine patch tests on patients with 
dermatitis, that 2S showed weak and 
5 strong reactions to tobacco ( cigarette 
and pipe oil. And there is the old 
observation report d by Chevallier' of 
a man who smelled with pleasure a 
large amount of good Spanish tobacco, 
then lost consciousness and became 
covered with a cold sweat. Many such 

presumably allergic reactions to 
Various odors have been recorded as 
curiosities by Gould and Pvle but 
that should not prec lude their immuno 
logical investigation According — to 
Chevallier'*, new tobacco workers ma\ 
at first be disagreeablv affected by the 
odor sui generis which exists in tobacco 
factories: and Samitz, Mori and Long" 
stated that roughly one in every 
thousand cigar workers was found to be 
susceptible to the smell of tobacco 
Recently, Schirren!”” reported a case 
of allergy in the form of an acute det 
matitis of the face incited by a tobacco 
perfume. 

Mention may be appropriately made 
here of tobacco-associated, but non- 
tobacco allergens. In Schirren’s case 
cited above, the patient was also sen 
sitized to tobacco and wood smoke and 
to coffee aroma. Believing that the 
common factor might be the presence 
of diacety] in all of these materials, 
Schirren performed a patch test with 


| 
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this substance, and obtained a strongly 
positive reaction. Newman reported 
the case of a patient, an inveterate 
cigarette smoker with dermatitis of the 
left upper lip and left index and 
middle fingers who proved to be sensi 
tive to tobacco from cigarettes con 


aining diethvlene glycol, and also to 
5% solution of diethylene glycol itself. 
Rappaport and Hoffman’ cited the 
contrary case of another heavy cig- 
irette smoker with hives first appearing 
m the lips and fingertips of his right 
hand; when this patient changed to 


liethvlene vlycol-treated — cigarettes 


he hives did not appeal but when a 
mall unount of elycerol was intro 
duced into these cigarettes, hives re- 
red presumably the patient's 
former brand had contained glycerol, 


which he was sensitive. Vaughan!** 


nstanced 


patient, allergic to a num- 


ber of antigens. who had chronic indi 
estion as long as he smoked cigars 
known to have corn syrup the 
vrapper; but when he ¢ hanged to more 
high grad cigars, his indigestion 
lisappeared. Also pertinent here are 
the studies of Barksdale***"" ex- 
oliative dermatitis due to arsenic, the 
ource of which was thought to be 


tobacco. Sulzberger, however, in his 
iscussion of Barksdale’s® paper, stated 
that in his own experience hypersensi- 
tivity [that is, idiosyncrasy] to arsenic 
ecurred only when the arsenic was in 
rganic combination. 

In regard to factors influencing skin 
ensitivity to tobacco, and 
Rocha stated that age and sex did not 
ppear to be of importance in the inci- 
lence of positive skin reactions to 

bacco in nonallergic children aged 
» to 13 vears. Sulzberger’? found the 
istribution — of positive tests about 
qual between the sexes in 38 healthy 
vale and female smokers. Harkavy**" 

ported that the average age of 13 pa- 
ents with coronary artery disease who 


reacted to tobacco was 45, while the 
average age of 23 patients with such 
disease who did not react to tobacco 
was 60. The relationship of skin sensi- 
tivity to tobacco and certain diseases 
will be discussed below. 

The demonstration by Pipes that 
allergy to tobacco smoke is not equiva- 
lent to allergy to tobacco leaf has al- 
ready been referred to. This author 
reported that 13° of 370 consecutive 
allergic patients (smoking history not 
noted gave positive skin tests to 
tobacco-smoke extract, while the same 
extract gave negative tests in 10 non- 
allergic controls. Despite the small 
number of controls, Pipes* 


neverthe- 
less suggested that allergy to tobacco 
smoke could not be adequately con- 
trolled by hyposensitization with to- 
bacco extract alone. Harkavy'*": found 
that some patients with coronary artery 
disease or thromboangiitis obliterans 
had positive skin reactions to tobacco- 
smoke extracts, but Bergman and 
Rikles' reported only negative skin re- 
action to tobacco-smoke solutions in 
their 4 cases of thromboangiitis oblit- 
erans. Clearly, the amount of investi- 
gative work done with tobacco-smoke 
extracts is far from sufficient. With the 
caution of that 
neither tobacco-leaf nor tobacco-smoke 
extract duplicates too well the actual 
smoke as it contacts the nose, mouth, 
and lungs, it would appear that, with 
the exception of investigations into 
contact dermatitis, extracts of tobacco 
smoke might be relatively more nearly 
representative of the conditions of 
actual smoking than would extracts of 
tobacco leaf. 

Skin Sensitivity to Tobacco in Dis- 
ease. In the absence of any demonstra- 
tion of specific reagins in the serum of 
patients showing positive skin reactions 
to tobacco or smoke extracts, the value 
and significance of such skin reactions 
depend largely upon the results of 
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similar tests performed in statistically 


adequate numbers upon properly 
Sé lected control subjects. Three types 
of normal control series have been em- 
ployed 1) known nonsmokers, (II 

known smokers, and (III) subjects 
whose smoking history was either not 
known or not recorded. In addition to 
the foregoing, comparisons have been 


made \\ ith \ “control” series of pa- 


eased individuals may not be consid- 
ered “normal controls” even in relation 
to patients with a presumably entirely 
different form of disease: all disease 
alters the sufferer in nonspecific as well 
as 1n specific ways. These factors should, 
be kept in mind during the following 
discussion. 

Harkavy, Hebald and Silbert first 
reported that patients with thrombo- 


PrABLE 2.—INCIDENCE OF SKIN SENSITIVITY TO TOBACCO EXTRACTS 
IN PATIENTS WITH THROMBOANGIITIS OBLITERANS 


No 


Se 


\ Contro.” Patients, Wirnout TAO 


Harka 319 
Sulzbers 153 
Sulzbera 5 
Westcott and Wright 35 
Allen, Barl nd Hines 


B: Patrents Wirn TAO 


Hark Hebald and Silbert 6S 
Harka 87 
Hark 108 
Hark 140 
Sulzberger, Scholder and Feit 9 
Sulzberger and Feit 29 
Sulzberg 13 
Suizberge! 
Bergman and Rikles 
lrasoff, Blumstein and Marks 
Westcott and Wright 85 
Rom: ff and Rubin 52 
Hagler 
Wood 

Cire +4 
Allen Barker nd Hines 2 
jowma 69 


tients with various diseases other than 
the one under investigation. It should 
be obvious that so-called controls in 
[1] and (IV 
valid control data at all, since a precise 
statement of the smoking habits of 
every subject or patient is essential in 


furnish in fact no 


any investigation of the relationship be- 
tween tobacco and any pathological or 
physiological change; moreover, dis- 


Sensor fy 
Tobacco 
Class of Subject } rtract. ©% 
Male smokers, excluding TAO ) 
Hospital population, excluding TAO 8 
Hospital population, excluding TAO 6 
Patients suffering from a variety of 
ailments, excluding TAO tS 
ontrol cases” 
85.4 
87 
86 
78 
SO 4 
Not atopu 78 
0 
Proven cases 16.0 
12 8S 
SS 


not increased 


Proven CASES 6b 


$5 
insignificant 
difference 
from controls 


angiitis obliterans (TAO) showed a 
much higher incidence of positive skin 
reactions to tobacco extracts than did 
normal smokers or nonsmokers, and 
the presence of atopic reagins to tobac 
co was demonstrated in 13 of 20 pa- 
tients by means of passive transfer. 


The number of TAO patients investi- 
gated was gradually extended, and es 
sentially 


similar results obtained 
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Sulzberger and his 
colleagues confirmed the findings of 
Harkavy that there was a markedly 
higher percentage of cutaneous sensi- 
TAO than in any 
other group but failed to demonstrate 


tivity to tobacco 


reagins in the serum of hyper-reactors 


with any regularity ( Sulzberger, 
Scholder and Feit''®; Sulzberger and 
Feit!'™: ynuch 


higher than normal incidence of posi- 
tive skin reactions in TAO was also 
noted by Romanoff and Rubin” (cited 
by Harkavy* 
ing to these investigators, the percent- 
patients 
vith this disease varied from about 50 


and by Green**: accord- 
ive of reactors to tobacco 


to 66, compared to a normal incidence 
of under 40% in non-TAO populations. 
Hogler stated that 83% of patients 
vith TAO showed positive skin reac- 
tions to tobacco. Other authors, how- 
ever, reported their failure to demon- 
strate a higher incidence of specific 
cutaneous sensitivity to tobacco in 
rAO patients than in “controls” 
Bergman and Rikles*: Trasoff, Blum- 
tein. and Marks!*!: Westcott and 
Wright!*"; Wood!*®, cited by Thies and 
Freeland!*°: Allen, Barker and Hines?: 
Bowman!” Table 2B, compared to 
Table 2A and Table 1). It is difficult 
to reconcile these conflicting reports, 
ilthough attempts to do so have been 
made on, so to speak, both sides. For 
xample, Harkavy*® dismissed the re- 
ults of Trasoff, Blumstein and Marks?!*! 
n the grounds that these authors had 
iiled to show proof that the cases 
tudied were “proved cases of thrombo- 
ngiitis obliterans,” and he criticized 
he results of Westcott and Wright!*° 
n the grounds that the types of cases 
he latter authors chose as controls con- 
sted of patients who presented Vas- 
lar syndromes previously reported by 
larkavy as additional forms of clinical 
ianifestations of tobacco hypersensi- 
veness [that is, an  idiosyncrasy] 
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other than TAO. Later, Harkavy** re- 
interpreted the data of Westcott and 
Wright, and maintained that these 
were, after all, in agreement with his 
own conclusions. Westcott & Wright!*" 
on the other hand, believed that many 
of the so-called positive skin reactions 
to tobacco were nonspecific reactions 
from chemical irritation. Walzer!” 
questioned the validity of a compara- 
tive study of skin tests in which one of 
the groups consisted of patients with 
a vascular disturbance (that is, TAO 
patients ), since the state of the circu- 
lation is a vital factor in wheal forma- 
tion, and hence any variation from the 
normal which m: Lv be detected in skin 
tests in TAO may rest on circulatory 
factors and not on immunological ones: 
he also doubted the specificity of many 
of the reportedly positive reactions. It 
would appear that the objections raised 
on either side are all valid to a greater 
w lesser degree. 

Three possible reasons have been 
suggested for the high incidence of 
positive skin reactions to tobacco in 
thromboangiitis obliterans: (1) that 
tobacco allergy plays an exciting, or 
even etiological role in this disease; 
2) that multiple sensitivity exists in 
TAO patients, idiosyncrasy to tobacco 
being but one of several or many 
allergies present; and (3) that, since 
patients with TAO tend to be heavy 
smokers and hence more intensely ex- 
posed to tobacco and tobacco smoke 
than “normal” individuals, a high inci- 
dence of skin reactivity to tobacco 
extracts is onlv to be e xpecte ‘d. The first 
view has been championed mainly by 
Harkavy, who, in his earlier papers, 
appears to have inclined to the belief 
that tobacco plays an etiological role 
in TAO, but in a later report (1939) 
he summed up his position as follows: 
“Whether tobacco allergy is the only 
factor operative in the precipitation of 
thromboangiitis obliterans and certain 


1a 
i¢ 
ya 
Cl 
ti 


576 The American Journal of the Medical Sciences * November, 1957 


types of coronary artery involvement; 
or whether it is an important synergist 
in an underlying metabolic disturbance, 
or perhaps some nonspecific infection 
which may have acted as a preparatory 
agent in establishing these vascular 
shock organs similar to that which ob 
tains in the Schwartzmann phenom 
enon, it is impossible to say. [The] ex 


citing role [of tobacco] however, is 
suggested immunologically and_ clin- 
ically by the evidence presented.” Re 
cently, Harkavy'S reviewed the spec- 
ulations of a number of other 


authors as to the etiology of this condi 
tion, and added: “In view of the con- 
sensus Of opinion as to the importance 
of tobacco in this disease and the fact 
that only a small percentage of exces 
sive smokers develop thromboangiitis 
obliterans compared with the number 
of people who smoke as much, it is 
logical to assume. that hypersensitive- 
ness [that is, idiosyncrasy] to tobacco, 
on the one hand and the presence of a 
specific vascular shock tissue, on the 
other, may constitute the basic ele- 
ments in the pathogenesis of this dis 
ease.’ Comment on Harkavy’s earlier 
work was extensive. Brooks! failed to 
see anything in the results of Harkavy* 
showing anv definite proof insofar as 
etiology of this disease was concerned. 
Conner”? found it very hard to under- 
stand why, with excessive tobacco 
smoking so common, TAO should be 
re latively so rare; it seemed evident to 
him that at best hypersensitiveness 
[that is, idiosyncrasy] to tobacco could 
be only one of a group of factors which 
must include at least those of race, 
age, and sex. Trasoff. Blumstein and 
Marks!*! raised the related point that, 
if hypersensitivity [that is, idiosyn- 
crasy] played a role in TAO and coro- 
nary disease, why there should be so 
few cases of these diseases among 
allergic individuals; in their experience, 
the proportion was no larger than 


among nonallergic individuals. In a 
critical review of Harkavy's earlier 
work, 


view of the fact that so many features 


concluded that, in 


of the tobacco hypersensitivity [that is 
idiosvncrasy] theory of TAO were con- 
trary to immunological and clinical 
precedent, one could not be blamed 
for manifesting a reluctance to accept 
this hypothesis until stronger evidence 
was produced in its favor. Those in- 
vestigators who found no higher inci 
dences of skin sensitivity to tobacco in 
TAO patients than in control subjects 
obviously did not — subscribs to 
Harkavys theory (for example, Berg 
man Rikles' Westcott and 
Wright!“*; Wood!""; Allen, Barker and 
Hines*; Coca™). Sulzberger at first be 
lieved that his results lent strong sup 
port to the theory (Sulzberger, S« holder 
and Feit!™), but later assumed that 
since other allergens also elicited posi 
tive skin responses, Cases ot TAO must 
exist in which other excitants and not 
tobacco were the major factors (Sulz 
berger''*"), Summing up, Lowell™ de 
clared that the available evidence for 
allergy to tobacco as a cause of throm 
boangiitis obliterans and other forms 
of vascular disease was so inconclusive 
that [in 1955] the question remained 
a matter for speculation only. It should 
however, be pointed out here that, ré 
gardless of views held concerning eti 
ology, there is almost unanimous agree 
ment among clinicians that smoking 
does aggravate thromboangiitis oblit 
erans; and virtually all reported series 
of cases show a preponderance of heavy 
smokers. 

Multiple sensitization in patients 
with thromboangiitis obliterans has 
been reported by several investigators 
(Harkavy, Hebald and Silbert*’: 
Harkavy**; Harkavy and Romanoff": 
Harkavy*®; Sulzberger!!*: Green*’ 
Trasoff, Blumstein) and 
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Harkavy, Sulzberger, and Green to be 
the principal allergen causing positive 
skin reactions in TAO, although Bow- 

in reporte d that the incidence of pos- 
itive reactions to ragweed pollen, 
timothy pollen, and horse dander, as 
well as to tobacco extract, was approxi- 
mately equal in 69 TAO patients and 
in 60 normal male smokers, indicating 
the same distribution of allergy in the 


series. Romanoff and Rubin" (cited 
by Harkavy found multiple —sensi- 
tivity to tobacco and other allergens in 
normal controls and in TAO patients, 


but more marked in the latter group 
The skin re sponse to |: 1000 histamine 
was slightly greater in a group of pa- 
tients with TAO than in normal male 
smokers: there was a slight excess in 
the number of |] 
in the TAO group over the control 
group and it was suggested that this 
lifference might possibly have been 
lue to the same factor which was re- 


reactions to tobacco 


ponsible for the increase in the re- 
sponse by the TAO group to the non- 
specific excitant, 1:1000 histamine 
Coca'’). Lowell™ deemed it unnec- 
essary to postulate a more intense or a 
different type of allergic reaction in 
those skin-sensitive patients with TAO, 

compared with those who did not 
have the disease but also reacted to 
tobacco by skin test. 

Lowell™ also raised a question funda- 
mental in defining the relationship of 
tobacco or smoking to any disease, in 
these words: “If an allergic reaction to 
tobacco is the cause of [thrombo 
ingiitis obliterans] in those who are 
kin-sensitive, what cause is postulated 
for the 20-odd @ of patients with 
thromboangiitis obliterans who are not 
kin-sensitive to tobacco?” In reply to 
this question, Harkavy** stated that 
the answet ot course is tobacco. This,” 
he implified “was indicated by the 
fact that the disease in the negatively 
eacting patients was arrested when 


they stopped smoking and recurred on 
its resumption. Apparently, Lowell 
forgets that negative skin reactions in 
allergic patients who are clinically sen- 
sitive to various substances are a com- 
It is well-known 
that in instances of allergy to drugs, it 


mon occurrence, 


is especially difficult, and often im- 
possible, to obtain any positive skin 
reactions, even though all the clinical 
evidence points to hypersensitiveness 
[that is, idiosyncrasy] to the chemical 
in question. Yet, one cannot attribute 
allergy to drugs simply to chemical irri- 
tation.” According to Fontana et al.** 
(personal communication), vascular 
symptoms were reported twice as 
often in volunteers with positive skin 
tests to tobacco as in those with nega- 
tive skin tests (22% of only 29 individ- 
uals being compared to 11% of 421 
individuals, respectively). Smokers 
with positive skin tests had 2.5 times 
more vascular symptoms than smokers 
with negative skin tests. In nonsmokers, 
the incidence of vascular symptoms 
was about the same whether the skin 
test was positive or negative. There 
was said to be a significant correspond- 
ence between positive skin tests to 
tobacco and clinical peripheral vascular 
symptomatology. “It would seem, there- 
fore, that these results are highly sug- 
gestive that a possible immunologic 
phenomenon is responsible for the sen- 
sitization of the vascular tree to tobac- 
co and for certain of its abnormal or 
excessive responses to tobacco smoking. 
These findings would tend to confirm 
Sulzberger and MHarkavy and_ co- 
workers in their concept that certain 
tobacco effects should be regarded as 
allergic sensitizations rather than as 
poisonings.” 

Lowell found especially surprising 
the absence of attempts to exclude nic- 
otine as a cause of symptoms among 
those with vascular diseases in cases 
where the relationship between smok- 


578 The 
the disease 
(along with skin sensitivity to tobacco 
extracts 


ing and progression of 
was offered as evidence for 
an allergic cause of the condition. In 
this connection, Trasoff, Blumstein and 
Marks?!*! 


direct 


who frequently noticed a 
relationship between vascular 
crises and smoking, whether symptoms 
occurred in the lower extremities or in 
the concluded that 
the explanation of symptoms must rest 


coronary system, 
on a pharmacological basis only, that 
is, on the presence of nicotine rather 
than on immunological sensitization to 
tobacco protein. 


Harkavy 


logical and clinical evidence suggested 


considered that immuno- 
that tobacco played an exciting role 
in coronary artery disease: of 100 pa- 
tients with coronary artery disease and 
angina pectoris, 44 showed 


skin 


a group of 14 cases, 71% had reagins 


positive 
reactions to tobacco. and out of 


to tobacco. Two cases were tested with 
and both 
gave positive reactions ( Harkavy 
This author found it impossible to say 


extracts of tobacco smoke, 


whether tobacco allergy was the only 
tactor operative in the precipitation 
ot certain types ot coronary involve- 
ment, or whether it played some syner- 
concluded that 
tobacco had an etiologic role in the 
production of the anginal syndrome in 
certain susceptible individuals whose 


gistic role. Green*? 


shock organ was the coronary vessels: 
of 18 patients with coronary artery dis- 
ease, 13 reacted to tobacco extracts 
alone, 2 to combinations, and 3 were 
nonreactors. Trasoff, Blumstein 

Marks!*! found only 3 reactors in 


cases of proved coronary artery dis- 


and 


99 
23 


ease, and were unable to demonstrate 
the presence of reagins in the serum of 
these. 

So far as other cardiovascular condi- 
tions are concerned, in a series of 15 
patients who suffered from circulatory 
disturbances in their lower extremities 
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of an arteriosclerotic nature, and who 
were all excessive cigarette smokers, 
Harkavy, Hebald and Silbert®! 
skin tests to tobacco negative. Green*? 


found 


reported that of 31 patients with pe 


ripheral vascular disease due to 


arteriosclerosis (smoking habits not 


given), 16 reacted to tobacco extracts 
alone, 1 to pollen only, 3 to the combi- 


and 1] 


Sulzberger!!= found 17% 


nation, were  nonreactors. 


positive skin 
tobacco in 


reactions to 35 hyperten 


sive and atherosclerotic heart disease 
cases; and Harkavy**", in 26 patients 
with circulatory disturbances of the 


extremities of an atherosclerotic basis, 
l reacted to tobacco. Studying 5 
patients with migrating phlebitis in 


only 


whom infections were ruled out, 
Harkavy**" reported that skin tests in 
| were completely negative, 2 reacted 
to tobacco, while 4 showed multiple 
sensitizations to various foods and in 
halants. In a case of migrating phle 
bitis which gave immediate urticarial 
reactions to tobacco extracts, biopsy 
showed the presence of eosinophils 
in the immediate urticarial wheal 
( Harkavy**” 
acteristic of an allergic response; but 
this 


establish a causal relationship between 


) a cellular reaction char- 


according to Lowell™, does not 
the skin tests done with tobacco extracts 
and the exacerbations of the phlebitis. 
In rebuttal, Harkavy** pointed out that 
this patient showed an immediate posi- 
skin test to 
also a delayed reaction, eczematous in 


The 


tive tobacco extract and 


nature. patient discontinued 


smoking, and the phlebitis subsided; 
2 weeks after the phlebitis had com- 
pletely disappeared, the patient was 
retested, and the phlebitic nodules de- 
veloped 2 days afterwards. Harkavy 
that the 
symptoms was a result of the injection 
with tobacco. 
Harkavy** had 
manifestations of polyvalent. sensitiza- 


considered exacerbation of 


discussed clinical 
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tion (including sensitization to to- 
vascular allergy, and_ this 
(1957) re- 
tobacco al- 
lergy in vascular disease. In his view, 
the literature that smoking 
Was associated in a certain percentage 
ol atopi 


bacco) in 
author recently 


literature on 


has more 


viewed the 
indicates 
and individuals 
with clinical signs and symptoms re- 


ferable to the 


These may be 


ynatopic 


cardiovascular system. 
in the form of migrating 
intermittent claudication, 
thromboangiitis obliterans in the 
peripheral, cerebral, and coronary ar- 
teries heart is the 
major shock organ, the symptoms fol- 


phlebitis 
and 


In cases where the 


lowing the use of tobacco 


may be 
various arrhythmias, 
and angina pectoris 
insufficiency, 


characterized by 
tobacco angina, 
and coro- 


without 


with coronary 


nary dlisease with or 


thrombosis. 
In allergic states, the 
positive skin reactions to tobacco was 
reported to be $8.7% in asthmatic chil- 
dren aged 3 to 12 1 who were 
ic in some way, either to proteins 


allerg 
or to the products of bacteria 


incidence of 


years 


Chobot 69.59% allergic children 
iged 2 to 15 vears (Peshkin and 
Landay*! and 17.5% in allergic 
children aged 2 to 13 years, compared 


to 7.5 control children 
these subjects 
had no contact with tobacco except 
in the and they all 
showed multiple sensitization. Six of 
24 allergic adult nonsmokers reacted 
to tobacco slightly, and all reacted 
moderately to extracts of ragweed, 
and feathers; of 
smokers in whom tobacco 
played no part in their clinical mani- 
festations, 8 reacted to tobacco and 


in nonallergic 


Lima and Rocha*®): 


most casual way, 


timothy, house dust, 


17 allergic 


all reacted to the other allergens 
Trasoff, Blumstein and Marks!#'). 
Rosen”® reviewed the office records of 


200 consecutive patients with asthma, 
hay fever, perennial allergic rhinitis, 
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gastrointestinal al- 
and noted that 19% 
good positive reaction to a 


eczema, urticaria, 
lergy or migraine, 
showed 


mixed tobacco-leaf extract: of these 
38 hyper-reactors, t had definite clin- 
ical entities which cleared up com- 


pletely on stopping smoking. In a group 
examined by Fontana et al.** (personal 
15.8% of the 500 indi- 
skin-tested positive 
reactions to one or more of the tobacco 
extracts used; 
be in 


communication ), 
viduals showed 
this figure was said to 
agreement with those 
published for the incidence of allergy 
in the general population. Individuals 
with positive skin tests to tobacco re- 
lated twice as much evidence of per- 


genere il 


sonal and familial allergy as the per- 
sons with negative skin tests. Sulz- 
berger, Scholder and Feit!!’ recorded 


that skin tests to tobacco were positive 
studied 
( smok- 
of whom 


in 2 cases of migraine. Pipes 
370 consecutive allergic patients 
ing history not noted), 10% 
history of their respiratory 
being precipitated or aggra- 
tobacco smoke generated by 
other person in the immediate 
vicinity; of the entire group of 370, 
13% gave positive skin tests to tobacco- 
smoke while the 
gave tests in 


gave a 
allergy 
vated by 
some 


same extract 
10 nonallergic 
It is thus apparent that al- 
individuals, children or 
smokers or nonsmokers, are more prone 
to tobacco y than non- 
allergic individuals, but similar findings 
would no doubt be obtained by testing 
with many other allergens: as put by 
Lima and Rocha*®, the predisposition 
of allergic children [and presumably 
of adults as well] to acquire sensitiv ity 
seems to explain why they had a higher 
incidence — of positive reactions to 
tobacco. Peshkin Landay***” 
analyzing the skin reactions of allergic 
children to tobacco and to pollen, 
found striking parallelism between 
the two. 


extracts, 
negative 
controls. 
lergic adults, 


idiosyncrasy 


l he 


Several investigators have studied 


cutaneous sensitivity to tobacco in re 


lation to peptic ulcer. Grav reported 


negative skin tests to. tobacco extracts 


in 50 patients with duodenal ulcer 


associated wth tobacco smoking, as 


well as in 50 patients with functional 
gastric disturbances. Ehrenfeld and 


Sturtevant determined tobacco sensi 
tivitv in 55 patients, all of whom were 


smokers exc pt } with Roentgen diag 


nosis of peptic ulcer, and found that 
only 2 Cave marked positive reaction 
to the tobacco extract used. These 


re peated their tests on 
new series of 44 male patients with 
concentrated 
marked 
positive reactions in 4 
From the combined results of 
Ehrenfeld and Sturtevant 
concluded that it could not be proven 
that 


aved any part in the pathogenesis of 


peptic ulcet more 


tobacco extract and obtained 


characteristi 


Cases 


the series 


sensitivity to tobacco protem 


peptic ulcer, since in no case was it 


ossible to demonstrate reagins, and in 


wheals obtained 


Harkavy' 


neither were 


series 


in signihcant proportions 


however, stated that the incidence of 
positive skin reactions to tobacco in 
pate nts with vastroduodenal ulcer was 


larger than normal 


or control patients with other 


definitely among 
people 
liseases: out of 60 such cases. 16 were 
sensitive to and ll of 
had either a personal or family history 
H irkavv?? 

In a group of miscellaneous disorders, 
skin tests 


positive 


tobacco, these 


alle rey 


with tobacco extract were 


in the one case of rheumatic 


heart disease tested: in 2 out of 3 cases 
of hypertension with precordial pain 

one case of precordial pain; and in 
tobacco] neuritis (Sulz 
Scholder and Feit? 


\iter reviewing papers on tests for 


} 


tobacco sensitivity, Ross and 


pointed out that a satisfactory type of 
test would be ot the 


great value to 


American Journal of thre al SCleNCES 


November, 1957 
physician as a guide to permitting lim 


ited. o1 forbidding the use of tobacco 


in patients with vascular disease. But 
Sulzberger believed that both = skin 
tests and reagin demonstrations with 


an allergen were of significance only in 


and in 


conjunction with, support of 
clinical evidence pointing to the same 
tobacco In view of his 


( hobot 


SKIT re 


substance 


own — findings, wondered 


whether positive ictions to to 


bacco had anv great signihcance Ol 


value; he concluded that great caution 
must be in Interpreting their 
value as a diagnostic test of anv im 


that 


a positive skin reaction could be inte 


portance and he too considered 


preted is having significance only 
its im 
ited out that 


normal individuals. 


when the clinical test 
portance Lowe ik pou 


many apparently 


lacking anv clinical evi of allergic 


clisease 


exhibited skin sensitivity to 
intracutaneously injected allergens, and 
that skin sensitivity alone did not ne¢ 
essarily mean that the individual would 
have symptoms on exposure. On the 
other hand, absence of skin’ sensitivity 
in the opinion of Lowell and Schiller™' 
was rarely, if ever associated with hay 
fever or asthma caused by 
Harkavy'* that, to 


clinical sensitivity to tobacco. it is im 


pollens 
agreed establish 
pe rative, just as in the case of positive 
skin other 


substances, to correlate 


allergenic 


reactions to any 
such re- 
actions with the symptoms of the pa 
tient. In the case of tobacco, it must 
be possible to elicit clinical manifesta 
tions in the respective shock organ as 
a result of 


exposure such as smoking 


or inhalation, followed by their disap 


pearance upon its avoidance only 


when this is achieved may the tobacco 
reaction be regarded as etiologically 
significant (Harkavy"* 

Several investigators have pointed 
out, or implied, that skin tests should 
be made tobacco 


with extracts of 


— 
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leat 


Pipes™; Rosen” 


well as with extracts of 
Vaughan!*" 


moke 
tobacco 
although neither duplicates too 
well the 
in human tobacco smoking (Rosen” 
\ basis for the latter difference might 
he that solubility of tobacco smoke in 


actual situations encountered 


an 


hody fluids (saliva, bronchial 


secre- 

tions, and others) is not the same as 
that of tobacco smoke bubbled into 
the usual diluents (for example, Coca’s 
fluid ised to prepare smoke extracts. 
The existence of tobacco allergy 
ppears to indisputable, but its 
prey ilence is. difficult to determine, 
perhaps because of its protean mani 
festation Smokers with positive skin 


obacco (16% of 79 individuals 


iid to have presented t times 
than those 
tests (4% of 42] 


interpreted to 


tobacco s\ mptoms 


skin 


findings 


Fative 
iduals 

t certain tobacco effects should 
be regarded 


rather than as poisonings (Fontana ef 


as allergic sensitizations 


pe rsonal communication ). Rosen®® 


ined that skin testing with tobacco 


\\ not the 


final answer in deciding 


vho is allergic to smoking; he con- 
idered as more important a “clinical 
entity’ of signs and symptoms which 
leared up completely on stopping 
\okin ind which could repro- 
uced by smoking (Rosen). This 
uthor stated that the incidence of 
tobacco allergy was quite low, but 
Maurer and Spain‘, after a brief re 
iew of the subject, concluded that 
tobacco might act as an allergen more 
frequently than suspected; frequently 
enough, according to Thomas''*, to 


justify its being included among the 


routine skin 


bered 


tests. It should be remem- 
however, that allergic patients 
may complain of the mechanical irri- 

tion or toxic effect of tobacco smoke, 


even though they are not sensitized 
thereto Vaughan'*"*; Maurer and 
Spain®’). So far as allergy is concerned, 
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tobacco was said to play a more readily 
establishable among individuals 
who work with tobacco than in those 


who smoke ( Maurer and Spain™ ); thus. 


role 


in a series of 260 tobacco-factory work- 
ers, 61 or 24% showed manifestations 
(Szentivanyi, Filipp and 


of allergy 
Among the signs and symp- 


Legeza!!*) 
toms said to be allergic manifestations of 
tobacco or smoking are: asthma, urti- 
caria, angioneurotic edema, and contact 
dermatitis (see below); rhinitis (Rosen: 
Heimann” ( Rosen®*® 
Harkavy** ( Rosen” 


gastrointestinal symptoms ( Vaughan!*": 


06. 


migraine 


leg 


pains 


Rosen” cough (Rosen***); sore 


throat (Rosen®); and various cardiac 
disturbances, such as angina (Har- 
kavv'?: Fogg??; Rosen®; Harkavy** ), 


extras) stoles  Harkavy*s), 
atrial fibrillation (Harkavy**), 
tachveardia (Coca’’: Richardson®?: 
Harkavv'*). Whether the acute distur- 


bances in the cardiac mechanism are 


and 


due to nicotine alone, or to a com- 
idiosyn- 


crasv, was in Harkavv’st® view, the 


bined nicotine and tobacco 
crucial question. Rosen” stated that 
smoking should be prohibited for any- 
one who has an allergy to tobacco 
smoke, that is, anyone who gets symp- 
toms from smoking, whether gastro- 
intestinal, vascular, or respiratory; 
Alexander! stated that tobacco was def- 
initely contraindicated in nasal or res- 
piratory allergy. 

The older authors recognized tobacco 
asthma; according to Russo-Giliberti®’, 
the condition, although rare, was one 
of the forms in which chronic tobacco 
intoxication was manifested. Later 
authors considered that an incidence of 
inhalant allergy to tobacco or tobacco 
smoke of 1% was probably fairly repre 
sentative of any large group of asth- 
matics (Brown'*; Trasoff, Blumstein 
and Marks'!; Vaughan!**),. However, 
a much larger proportion of asthmatics 
give low-grade positive endermal skin 


| 
| 


The 


reactions to tobacco extracts ( Brown’: 
Vaughan 
skin tests 


specih¢ in 


tor figures, see section on 
above), apparently not 
nature. Since tobacco con- 
tains proteins which may persist in its 
smoke after burning, it was claimed 
that smoking might be the direct cause 
Lickint®’), al- 
is no evidence that most 


of asthma (Thomas?! 
though ther 
forms ot etiologic 
smoking Maier™) 


Smoking was said to be the major addi- 


asthma have any 


relationship to 


tive factor in a huge group of patients 

exhibiting signs of a 
Petit® 

sidered that smoking is contraindicated 

Gutierrez Muro* 

Schmidt Carrver et al.'°; Peters 

et Petit’*; Peters and Prickman™ 


It mav be of interest to 


major allergy 


and most authors have con 


in asthma 


recall here 


that in former years tobacco was ac- 
tually recommended as a remedy for 
relief of asthma on account of its anti- 


spasmodic effects (Sigmond'’*; Sée!"® ) 


sometimes mixture of tobacco and 
leaves of the thorn apple (Datura 
stramonium was used in the 


form of so-called 
Lickint" 
times have a therapeutic effect in this 
Barach 


who stated that when smoking 


“asthma cigarettes” 
That smoking may some 


condition was suggested by 
et al. 
produced cough, the expectoration of 


considerable amounts of bronchial se- 


cretion sometimes relieved the dy spnea 


of 


bronchial asthma; in the majority of 
patients tested, the smoking of 3 cig- 
arettes in 
| 


Mmcreasea 


did not lead to 
bronchospasm, although it 
did so in some cases (Barach et al.: 
Bickerman Barach*). Reported 
cases of tobacco asthma are essentially 
similat 
smoke 


succession 


and 


in that exposure to tobacco 


was said to cause symptoms 
which were relieved upon removal from 
tobacco-smoke atmospheres; the pa- 
tients also showed positive cutaneous 
reactions to tobacco ( Russo-Giliberti®®: 


Walker!**; Hogner®®; Jimenez-Diaz and 
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Sanchez Cuenca®’; Rosen and Levy" ). 

Vaughan'** had a patient allergic to 
tobacco smoke who developed urticaria 
and would manifest 


when smoking, 


hives when she went into a restaurant 


where others were smoking, even 
though she was not. Rappaport. and 
Hoffman” reported the case of a heavy 
cigarette smoker so sensitive that hives 
would break out if he entered a smoke 
filled room or after shaking hands with 
had 


cigarette 


a person who before 
smoked a 


tioned a patient whose chronic urticaria 


short ly 


men 
ceased when he stopped smoking, and 
Harkavy** stated that tobacco allergy 
may be responsible for urticaria 
Although Vaughan'** 
woman who developed angioneurotic 


saw a young 
edema of the lips whenever she touched 
with cigarette, 
Silbert'’S reported what he claimed to 


them any variety of 
be the first case of angioneurotic edema 
due to tobacco sensitivity reported in 
the literature. (Harkavy, in a personal 
Silbert, stated he 
had seen at least 3 cases.) Silbert’s pa- 
tient, who had smoked 3 cigars and 
10 cigarettes daily for years, also had 


communication to 


thromboangiitis obliterans; the edema 
involved chiefly the lips and eyelids, 
but had occurred at times in other 
parts of the body; intradermal tests 
showed strong positive reactions to to- 
bacco, ragweed, and timothy. A few 
weeks following discontinuance of 
smoking, the attacks of angioneurotic 
edema practically ceased, and complet 
achieved. 

Kulbs** listed dermographism as one 


recovery was eventually 


of the characteristics of excessive use 
of tobacco, and presented an_ illustra 
tive case history. 

It is well known that tobacco may 
cause contact dermatitis; cases of der 
matitis due to tobacco smoke, however 
have not been reported (Schwartz! 
Schwartz and Tulipan'®’). Some per 
sons who develop dermatitis, especially 


=— 
— 
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of the upper lip, when smoking cig- 
arettes find that they can avoid this 
by using cigarette holders; others 
must discontinue smoking altogether 
Vaughan'**). Jehle®*® drew attention 
to the greater incidence of dermatitis 
among tobacco workers, compared to 


other workers. Dermatitis has often 
been described in tobacco workers 
( Pla*®; Knowles**; Friedberger*’; 


tobacco 
and in 


among others), in buyers 
tobacconists 
Panconesi™ stressed the 
rarity of occupational tobacco derma- 
contrast to the statement of 


at one time or another, all 


Rutledge’ ), 


Tommasi!”° ). 


tosis, 
that 
workers in tobacco present lesions of 
the skin varying from mild erythema 
to ious 


eczema. According to 


Franchi*’, about 1.8% of women cigar 
workers contracted dermatoses of the 
hands; according to Samitz, Mori and 
Long cases of hand eruptions con- 
stituted less than 0.04% of all patient 
visits to the dispensary of 3 cigar manu- 
Cases of tobacco dermatitis 
have been reported by Knowles™, 
Blaisdell®, Karrenberg“', 


Levi®’, Vero and Genovese!**, Milev*’, 


tfacturies 


and Panconesi*™ among others. Tobacco 
dermatitis was the subject of a report 
published by the International Labour 
Office ( Lancet 1, 308, 1934). 
Panconesi™ postulated an individual 
constitutional predisposition in pa- 
tobacco dermatosis, and 
thus an allergic pathogenesis rather than 
toxic one or one related to 
repeated trauma. However, Franchi*® 
and Samitz, Mori and Long! consid- 
ered that the dermatitis of the fingers 
ind hands in tobacco workers was not 
due to sensitization, since patch tests 
with tobacco leaves alone were nega- 
tive, and an eosinophilia, which could 
be regarded as a sign of an allergic 
absent (Franchi?®). 
Samitz, and co-workers considered that 
the condition was apparently produced, 


tients with 


a p! mary 


disease, was 
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at least in the “examiners” in whom the 
greatest number of cases were seen, by 
the synergistic action of constant wet 
ness of the hands plus the alkaline 
reaction of the toweling which the 
“examiners” constantly used as part of 
their work. Schwartz and Tulipan’”’; 
also Schwartz!°* considered that der- 
matitis 
mostly 


tobacco workers 
(1) the mechanical 
trauma involved in hand-stripping; (2 ) 
pastes used on cigars and boxes; (3) 


among was 


due_ to 


chemicals used in processing or flavor- 
ing and (4) in rare 
hypersensitivity [that is, idiosyncrasy | 
the actual irritant 
likely being, however, traces of insec- 


agents; cases, 


to tobacco, more 
ticides remaining on the tobacco or 
chemicals given off by the various cur- 
rather than to any 
natural constituent of the tobacco leaf. 
This latter view was concurred in by 
Vero and Genovese!** who stated that 
no case of dermatitis due to either raw 
y tobacco had 
been observed by them; they believed 
that the dermatitis reported by them 
in 3 cigar-makers had been caused by 
recently fermented tobacco. Accord- 
ing to Milev*®, the susceptible worker 
was usually found to have abrasions 
of his skin which acted as sites of ab- 
sorption. 


mg processes, 


tobacco leaves or dry 


Among tobacco-associated 
but nontobacco causes of dermatitis, 
Rokstad® reported an outbreak of skin 
eruption caused by mites from tobacco, 
and Hering®* described a form of skin 
rash developed by several workers 
while handling a_ particular lot of 
Turkish tobacco found to contain in- 
sects and insect feces. 

According to Pla**, the parts most 
affected in tobacco dermatitis were 
not in general those most exposed to 
the tobacco, but rather the various 
skin and folds of the body. 
Other reports, however, localized the 
the hands 
Blaisdell’; 


creases 


lesions on 
(Knowles*: 


fingers 


Mori 


and 
Samitz, 
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nid Lone or generally on the 
backs of the hands report of the 
International Labour Office In one 
Cuse the onset was sudden. S davs 
after beginning work ( Karrenbere* 
in other instances, sudden, but only 
atter many vears of work in tobacco 
factories Stauffer!’ Vero and 
Genovese!*! \s in other plant  idio 
synerasies, the susceptibility lasts for 
vears, and the exposure needed to 
provoke an eruption is very. slight 
Knowles' Blaisdell®). Milev*® stated 
that the workers usually became im 
mune to the condition on repeated 
exposurt but Rutledge'’’ stated that 
practically the only cure for tobacco 
contact dermatitis was to get the pa 
tient away from tobacco 

\Moncorps*' unsuccesstully attempted 
desensitization in a case of eczema in 
tobacco worker by means of intra- 
cutaneous injections of cigar-wrapper 
extract, and Stauffer!!! reported a 
similar case in which attempted desen 
sitization by intramuscular injection of 
tobacco extract in increasing doses 
failed completely, although the injec 
tions were continued for a long time 
and the dose increased to the toleranc 
level. With respect to desensitization 
generally in tobacco’ allergy, in 
Vaughan’s xperience, the rapeutic 
desensitization was usually verv sat 
isfactory in the presence of true sensi 
tization; but Rosen®® stated that de 
sensitization injections with tobacco 
extracts were of no help in treating 


tobacco allergies. Pipes* suggested 
that allergy to tobacco smoke could 
not be adequately controlled by hypo 
sensitization with tobacco extract alone. 

PART Ill. EFFECT OF NICOTINE, TOBAC- 
CO, AND SMOKING ON IMMUNE REAC- 
rions. Frei®® claimed that increased 
resistance to infection through _in- 
creased antibody production was ob- 
tained by suitable pharmacologic 
stimulation of the sympathetic or para 


sympathetic system by many autonomic 
poisons, including nicotine. A contrary 
view had been earlie expressed by 
Hubner, who noted a significant ce 
crease in the effectiveness of salvarsan 
therapy during the post-World War I 
vears, and blamed this on the immod 
erate use of tobacco particularly ol 
cigarettes, which was supposed — to 
have paralyzed the natural defenss 
mechanisms of the body. Experi 
mentally, in rabbits poisoned with 
nicotine, Guardascion found the 
antibody producing response — to th 
Injection of ox ervthrocytes to be ce 
creased, the decrease becoming mort 
evident as the amount of nicotine ad 
ministered became greate) 

Donzelli*? acutely exposed 5 rabbits 
immunized against typhoid to the 
smoke from 5 to 7. cigarettes, and 
noted a drop in the agglutinin titer 
reaching a maximum about 6 hours 
after poisoning, with recovery in 24 


to 48 hours. In another group ot 4 


immunized animals chronically exposed 
to the smoke of one cigarette a day 
for 20 davs, lowering of the agglutinin 
titer was again observed, and to a ce 
gree even greater than in the acute 


experiments. In a third experiment, 4 
rabbits were immunized during th 
course of chronic « posure to tobacco 
smoke, 2 others serving as controls 
there was a definite retardation in thi 
production of agglutinins in the ey 
posed animals, and the final titer re 
mained less than in the controls. In 
vitro, however, nicotine added in 0.5 
0.3 and 0.2% solution had no noteworthy 
effect on the agglutination of bacteria 
either on the agglutinin in immune 
serum or on the agglutinability of the 
bacteria (Watanabe 
Leva" studied the effect in rabbits 
of nicotine on the deve lopment of im 
mune bodies (amboceptor ) to intra 
venously-injected typhus culture. Five 
animals were given 1.5 to 2 mg. nico 
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tine intravenously dav tor 
lavs the 


( ularly ( 


to 


dose of nicotine used 


used convulsions. followed 


r\ ipathy and complete recovery and 
typhus injections were made on the 
th, Sth on 17th day Compared to 4 
ontrols, the nicotine-injected animals 
howed retardation in amboceptor 


production. Leva assumed that under 


the influence of nicotine, those cells 


whose function it was to produce anti- 


hodic suffered a lesion. In connection 
vith Frei statement above. it is in- 
teresting to note that epinephrine had 


ne effect on antibody production, al- 


though ephinephrine and nicotine 
both produced similar vascular changes 
the aorta in experimental animals. 
\lazzeo 


tarv power of rabbit serum in 3 animals 


studied the complemen- 


tter 10 daily injections of 1 to 2 mg. 


| nicotine: in 3 animals after 


one 
nonth of nicotine injection every third 
ind in 3 controls. Acute nicotine 
isoning was found to annul the com- 
Nementary powel subacute moderate 
poisoning attenuated it. At the same 


me, acute nicotine poisoning markedly 


wered the bactericidal power of the 


vhole blood to staphylococcus and to 
B. coli: subacute moderate poisoning 

htly lowered it. Using typhus 
bacilli as the test organism, Bruni'* in 
estigated the effect of acute and 
hronic exposure to cigarette smoke 


n phagocytosis in the rabbit; results 
vere expressed in a phagocytic index, 
letermined by the ratio: mean number 
bacilli engulfed by each leukocyte 
fter action of tobacco smoke/mean 
number before action of tobacco smoke. 
In 4 rabbits acutely poisoned by the 
moke of 4 to 5 consecutive cigarettes, 
the phagocytic index after smoking 
iried from 0.48 to 0.70; 24 hours after 
moking, it was 0.97 to 1.05: 48 hours 
fterwards, 0.97 to 1.03: thus, 
is a marked diminution of phago- 


the 


there 


vtosis through acute action of 


THERAPEUTICS 


briet 
after 
24 hours. In 4 chronic experiments (1 
day tor 15 to 49 ' 
there was a well defined drop in the 


but it was. of 


return to 


tobacco smoke 


duration, with normal 


cigarette a days ), 
index in each animal, the fall becom- 
ing more and more accentuated as the 
experiment progressed; final values for 
the phagocytic index ranged from 0.59 
to 0.70. By further experimentation, 
Bruni found that cigarette smoke had 
no effect on the blood serum opsonin 
that the 
decrease in phagocytosis must, by ex- 


content, and he concluded 


ascribed to a decreased 
vital activity of the leukocytes. In the 


blood 


bacteria, with crossed tests 


( lusion, be 


in vitro system: leukocytes 
serum 
made with serum and leukocytes from 
normal animals and animals poisoned 
Bruni observed a 
phagocytic 
activity in animals subjected to tobacco 


bv tobacco smoke, 


diminished — spontaneous 
smoke, which confirmed his conclusion 
that the diminution of phagocytosis 
observed in both acute and chronic 
tobacco-smoke poisoning resulted from 
direct action of the smoke on the leu- 
kocyvtes themselves. Using rabbits vac- 
with killed Staphylococcus 
pyogenes aureus, Mazzeo™ confirmed 
that 

mg./kg. nicotine subcutaneously or 


cinated 


chronic nicotine administration 
by mouth, daily for 10 days, then every 
other day sharply lowered the normal 
phagocvtic index. 

Lee™ induced anaphylactic shock in 
10 control female guinea pigs, then 
tested the effect of subcutaneous injec- 
12 and 84 mg./kg. nicotine 
(according to Lee, one-tenth and one- 


tion of 


fifth the female lethal dose) in 2 series 
of 6 animals each 30 minutes prior to 
the challenging injection. In the con- 
trol series, 9 of 10 animals died: in the 
nicotine-treated series, all died, but the 
onset of symptoms was more delayed, 
the symptoms less, and the degree of 


emphy sema Was not uniformly as 


i 


hie 


is in the control series. Injec 
1.2 mg./kg. nicotine daily for 
l4 days increased the anaphylactic 


severe 


tion ot 


symptoms when the challenging injec 
cviven. The author consid- 
ered that the 


tine on anaphylaxis might be due to 


tions were 
inhibitorv effect of nico 
increased epinephrine secretion. Al- 
though daily doses of nicotine increased 
the anaphylactic symptoms when the 


challenging injections were given, the 
anaphylactic mortality was only 66.6% 
Vallery-Radot, Mauric and Holtzer™ 
yave intravenous injections of nicotine 
tartrate 


ho. 


rabbits sensitized to 


serum. Following return of ar- 
terial pressure to normal, the rabbits 
were then given a shocking dose of 
horse serum intravenously, and a fall 
in blood pressure occurring in all ani- 
mals Was evidence ot 


shock: the authors concluded that. in 


this species, nicotine had no inhibitory 


anaphylactic 


ction on the appearance of anaphylac 
ti shoc k 


Geiger and Alpers investigated the 


mechanism of smooth muscle response 


to the antigen-antibody reaction and 
to nicotine. Contraction of sensitized 
guinea pig ileum owing to antigen 
Schultz-Dale reaction). to serotonin, 
to 


concentrations of 


nicotine is prevented by low 
alcohols ure- 
thanes, suggesting a common step in 
the mechanism of the action of these 
> stimulants, probably conduction in 
Stimulation by antigen and by 
Aicotine 1S 
analogs of serotonin (vohimbine. and 


and abolished by 


herve 
prevented by structural 
others botulinum 
toxin. This suggests that antigen and 
both act by liberating 
as Fink?* concluded in the 
intigen from studies on mouse 
uterus. However, ganglionic blocking 
agents do not prevent the Schultz 
Dale reaction, while they are capable 
of inhibiting, often without completely 


blocking, the 


nicotine may 
serotonin 


ot 


action of nicotine: this 
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suggests a more complex mechanism of 
action for nicotine, that is, liberation 
of serotonin to act on both pre- and 
post-ganglionic fibers, instead of only 
on the post-ganglionic fibers as appears 
to be the case with the antigen-antibody 
reaction 

In view of the older belief that the 
antigen-antibody combination liber- 
ates histamine (or some pharmacologi 
cally similar H-substance) which is 
responsible for a number of the physio- 
logical and pathological manitestations 
of immediate type anaphylactic reac- 
tions, the following observations are 
included here: When isolated guinea 
pig intestine was treated with hista 
mine, the tissue was found to be de 
with 


sensitized not only respect to 


histamine, but also with respect to 
nicotine, or at least its sensitivity to 
these substances was greatly diminished 


(Werle and Effkemann'’ ) 


plication of a 5% 


Local ap 
solution of nicotine 
to the skin of rats produced a signifi 
cant increase in the content of hista 
mine in one animal, but had no effect 
(Haas*®’): nicotine was said 
te cause histamine release (Haas*! 
Werle and Effkemann studied the 
effect of smoking on the blood hista 


mine level. In 10 male and 11 female 


in 2 others 


nonsmokers, blood histamine averaged 
0.04 gamma per ml range, 0.01 to 
0.06), while in 18 male smokers and 
11 female smokers, the average was 0.1! 
gamma and 0.081 gamma, respectively 
(range, 0.05 to 0.20 
blood 


only in chronic smokers. Experiment 


in general, a hig 
histamine content was found 
on the effect of acute nicotine consump 
tion on blood histamine showed that 
after inhaling the smoke of 6 cigarett 
within an hour, a nonsmoker showe: 
no increased blood histamine content 
therefore, 
that nicotine did not directly 


These authors, suppose 


induc 


-a flow of histamine into the blood, bi 


that after prolonged heavy smokin 
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the body responded in this manner. 
No significant difference in the hista- 
mine content of plasma in smokers and 
nonsmokers was observed, and, since 
no leukocytosis was found, it was con- 
cluded that the increase in blood his- 
tamine re presented an increased hista- 
mine content in the blood cells. On 
the hypothesis that thromboangiitis 
obliterans was a_ tobacco allergy, 
Businco and Visalli'* studied the blood 
histamine levels of 6 patients with this 
disease; normal values were found in 

cases, and in the others the values 
were moderately higher. The histami- 
nase level in the blood of smokers 
showed no increase, as compared with 
nonsmokers (Werle and Effkemann!*> ). 
Lounsbury and Oughterson*™? could find 
no correlation between the skin reac 
tion of 100 unselected subjects to 
cured tobacco-leaf extract and to in- 
tracutaneous injection of dilute hista 
mine solutions, from which they 
concluded that the positive skin reac- 
tions in hyper-reactors to tobacco were 
not the result of a simple capillary 
lestruction due to the presence in the 
extracts of some nonspecific histamine- 
like substance 

This review of the immunological 
spects of tobacco and smoking has 
been undertaken, not only to summar- 
ize what is currently known of the 
subje ct, but also to reveal the extent of 
the lacunae in our knowledge. It is 
carcely an exaggeration to assert that, 
imong all the fundamental biological 
studies of tobacco, the immunology of 
tobacco and its smoke has been one 
of the least adequately investigated in 
the laboratory, with respect to both 
quantity and quality of the experi- 
mental work. The relatively few and 


widely-scattered animal data available 
point up the pressing need for a classic 
immunological investigation of tobacco, 
not only in the interest of extending 
our scientific knowledge in this field, 
but also to serve as a sound immuno 
logical basis for arriving at valid clin- 
ical concepts of possible tobacco-linked 
disease conditions. 

Although the immunology of tobacco 
appears at first glance to have been 
more extensively studied clinically than 
experimentally, virtually all reported 
clinical investigation has been limited 
to determinations of cutaneous sensitiv- 
itv to tobacco extracts: and it must be 
regretfully admitted that much of this 
published work is equivocal, uncritical, 
and inadequately controlled. It should 
be added, however, that the question 
of unexceptionable controls for clinical 
material is indeed a difficult one. A 
well-designed and properly controlled 
program of clinical investigation of 
tobacco sensitivity in relation to dis- 
ease is thus greatly to be desired. One 
mav venture to suggest that future 
emphasis should be placed, not so 
much on the number of cases in each 
series, as on a thorough immunological 
investigation of each individual patient. 
And it should not be forgotten that 
the allergic subject represents, in a 
very real sense, the first part of an 
experiment in immunology already 
performed for the investigator. Osler 
once wrote: “As clinicians we observe 
the experiments of Nature;” and much 
of scientific interest and value can 
hardly fail to result from a careful, 
and critical, observation of natural and 
acquired idiosyncrasy to tobacco in 
man. 


REFERENCES 


(1) Alexander, E. L.: 


Virginia Med. Month., 75, 161, 1948. (2) Allen. E. V.. Barker. 


N. W., and Hines, E. A., Jr.: Peripheral Vascular Diseases. Philadelphia and 


London: W. B. Saunders Co., 1946. 


SSS. The American Journal of the Medical Sciences * November, 1957 


3) Barach, A. L., Bickerman, H. A., and Beck, G.: Bull. New York Acad. Med., 28, 353 
1952. (4) Barksdale, E. E.: Virginia Med. Month., 66, 660. 1939. (5) Idem 
J}. Am. Med. Assn., 115, 672, 1940 b) Virginia Med. Month., 67, 393, 1940 


Med. Klin Berlin), 36, 1314, 1940. (6) Bergman, A., and Rikles, H.: Rev 
Asi med argent., 49, 1361, 1936. (7) Bernot, E.: Thése D’Alger, Imbert Press 
Algeria, 1938 (also cited by Couturat, J. in Presse Méd 17, 939, 1939 (8 
Bickerman, H. A., and Barach, A. L.: |. Lab. & Clin. Med., 43, 455, 1954. (9 


Blaisdell, J. H.: Urol. Cut. Rev., 28, 664. 1924. (10) Bowman, K. L.: Reported by 
Coca, A. F., Ann. Allergy, 5, 458, 1947. (11) Brooks, H.: Bull. New York Acad 
\led 9, 323 1933 (12) Brown, _®. New York Med | L1S, dD 1923 (13) 
Bruni, A.: Sperimentale, 85, 523, 1931. (14) Businco, L., and Visalli, F.: Policlinico 


48, 16, 1941 
15) Carryer, H. M., Prickman, L. E., Maytum, C. K., and Koelsche, G. A.: J. Am. Med 
Assn., 131, 21, 1946. (16) Chevallier, A.: |]. d. Chim. Med Py 326-333, 1839 


17) Idem Bull. de Acad. de Med., 10, 785, 1844—45 1S) Chobot, R.: | 
Allergy, 6, 383, 1935. (19) Coca, A. F.: Ann. Allergy, 5, 458, 1947. (20) Conner 
L. A.: Bull. New York Acad. Med., 9, 327, 1933 

21) Deschiens, R., and Poirier, M.: C. rend. Soc. biol., 149, 20, 1955. (22) Donzelli, F.: 
( r. batt. ec. immunol.. 11, 1012, 1933 

23) Editorial Med. Times, 45, 171, 1917. (24) Ehrenfeld, L., and Sturtevant, M.: Rev 
Gastroenterol., 1, 44, 1934. (25) lidem Am. |. Digest. Dis., 3, 229, 1936 

26) Fink, M. A.: Proc. Soc. | xpel Biol. & Med., 92, 673, 1956. (27) Fogg. A. H.: }. Ar 
\I \ssn., 144, SLO, 1950. (28) Fontana, V. J., Redisch, W.. Nemir, R. L.. Smith 
M., and Sulzberger, M. B.: Communication to H. B. Haa Medical College ot 


Virginia. (29) Franchi, F.: Gior. ital. dermat. e. sif., 78, 475, 1937. (30) Frei, W. 
S wel ed Wehnschr., 71, 377, 194] (31) Friedberger: Munchen med 
Wehnschr., 73, 1957, 1926 32) Friedlander, M., Silbert, S.. and Laskey, N. 
Pro Soc. Exper. Biol. & Med., 34, 156, 1936. (33) Fukuda, Y.: \) Nippon | 
iocardiol., 14, 239, 1951; (b) Ibid... 15, 1951; (c) Ibid., 15, 185, 1951 


ill ingl 28 
34) Geiger, W. B., and Alpers, H. S.: Science, 125, 1141, 1957. (35) Gould, G. M.. and 
Pyle, W. L.: Anomalies and Curiositis of Medicine. Philadelphia: W. B. Saunder 


( 1897, pp. 482-484. (36) Gray, L: 1) Am. |. Surg 7. 189, 1929; (b) Th 
\ Gastroenter. Assn., 32, 489, 1930. (37) Green, M. A.: J. Invest. Dermat.. 5. 
179, 1942. (38) Guardascione, V.: Rinasce. med., 19, 39, 1942. (39) Gutierrez 
Muro, F.: Clin. lab. zaragoza.. 25. 217. 1934 

40) Haas, H. T. A.: Arch exper Path. u. Pharmakol 197, 161 1941 4] Iden 
\ exper. Path. u. Pharmakol., 205, 170, 1948. (42) Harkavy. J.: l Bull 
New York Acad. Med., 9, 318, 1933; (b) Proc. So« Exper Biol. & Med., 30, 683 
19 43) Idem: a) ]. Allergy, 5, 131, 1934; (b) Ibid., 6, 56, 1934. (44) Idem 
Py Sor Exper Biol. & Med.. 36. 381. 1937. (45) Idem 1) J. Allergy, 9, 275 
1935 b) Ibid., 9, 475, 1938. (46) Idem: ]. Invest. Dermat., 2, 257, 1939. (47 
Ice 1. Mt. Sinai Hosp., 8, 592, 1942. (48) Idem Quart. Rev. Allergy, 11 
189, 1957. (49) Harkavy, J., and Romanoff, A.: J. Allergy, 6, 62, 1934. (50 


Harkavy, J., and Witebsky, E.: Ibid., 6, 437, 1935. (51) Harkavy, J., Hebald, § 
id Silbert, S.: Proc. Soc. Exper. Biol. & Med., 30, 104, 1932-33. (52) Hatcher 
R. A.: Am. J. Physiol., 11, 17, 1904. (53) Heimann, W. S.: Bruxelles méd., 15 
138, 1935. (54) Hering, H.: Derm. Wehnschr., 129, 265, 1954. (55) Higler. F 
Wien. klin. Wehnschr., 54, 1016, 1941. Also in: El Dia Méd Buenos Aires 16 
1944. (56) Hogner, R.: Am. Med., 26, 111, 1920. (57) Hubner: Det 
Wehnschr., 79,, 1292, 1924 


58) International Labour Office: Summarized in: Lancet. 1, 308. 1934 

59) Jehle. L.: Arch. unfallheilk., 3, 364, 1899—1901 60) Jimenez-Diaz, C., and Sanche 
Cuenca, B.: ]. Allergy, 6, 397, 1935 

61) Karrenberg, C. L.: Derm. Ztschr., 52, 30, 1928. (62) Kaufman, K. L.: Unpublish 


vations, Department of Pharmacology, Medical Colleg t Virginia. (63 
Knowles, F. C.: J]. Cut. Dis., 31, 11. 1913. (64) Kulbs, F.:  Ztschr. klin. Mi 
99, 258. 1994 
65) Lee, Y. C.: J]. Severance Union M. Coll., 2, 128, 1935. Also in J. Chosen M. Assi 
1935, and Tr. Jap. Path. Soc., 25, 201, 1935. (66) Leva, J.: Med. Klir 
150, 1907. (67) Levi, L.: Dermosifilografo., 12. 1. 1937. (68) Lickint. F.: Arc 
Pharm. Berl., 263, 181, 1925. (69) Lima, A. O., and Rocha, G.: Ann. Allergy, 7 


YI 


10 


| 


Progress of Medical Science: ‘THERAPEUTICS 589 


1949. (70) Lopes de Faria, J.: Estudo patolégico da acao tabaco 
icotinizado sobre os vasos sanguineos do rato branco. Thesis. Univ. of Minas 
Gerais, 1943. (71) Idem: Rev. med. Brasil., 52, 119, 1944. (72) Lounsbury, J. B., 
{ Oughterson, A. W.: Yale J. Biol. & Med., 7, 305, 1935. (73) Lowell, F. C.: 
\llergy to Tobacco, in: Wynder, E. L. The Biologic Effects of Tobacco., Boston: 
Little, Brown & Co., 1955. (74) Lowell, F. C., and Schiller, I. W.: J. Allergy, 19, 


LOO, 1948 
75) Maddock, W. G., Malcolm, R. L., and Coller, F.: Am. Heart ]., 12, 46, 1936. (76) 
Maier, H. C.: Smoking and lung cancer; bronchiectasis, asthma, bronchitis. 


reported in: Coffin, G. J., Duryee, A. W., Maier, H. C., Pardee, H. E. B., and 
Wynder, E. L.: Bull. New York Acad. Med., 32, 133, 1956. (77) Maurer, M. L., 
| Spain, W. C.: |. Am. Geriatrics Soc., 2, 278, 1954. (78) Mazzeo, M.: Boll. Soc. 
biol. sper., 7, 632, 1932. (79) Idem:  Ibid., 17, 136, 1942. (80) Milev, T. L.: 
Suvremenna Meditsina, 5, 83, 1954. (81) Moncorps: Zbl. Haut Geschlkr., 30, 


1999 
82) Newman, B. A.: |. Am. Med. Assn., 111, 25, 1928. 
83) Panconesi, E.: Rassegna di Dermat. e. di Sifil., 7, 85, 1954. (84) Peshkin, M. M., 
Landay, L. H.: (a) J. Dis. Child., 57, 1288, 1939; (b) in J. Allergy, 10, 241. 


). (85) Peters, G. A., and Prickman, L. E.: Minnesota Med., 40, 116, 120, 1957. 
86) Peters, G. A., Prickman, L. E., Koelsche, G. A., and Carryer, H. M.: Proc. 
Staff Meet., Mayo Clin., 27, 329, 1952. (87) Petit, P. T.: South Med. J., 47, 242. 
54 88) Pipes, D. M.: Ann. Allergy, 3, 277, 1945. (89) Pla: Languedoc 
r hir., 14, 87, 107, 131, 141, 155, 173, 1906; 15, 34, 1907. 
90) Rappaport, B. Z., and Hoffman, M. M.: J]. Am. Med. Assn., 116, 2656, 1941. (91) 
Ratner, B.: Reported in: Peshkin, M. M., and Landay, L. H.: J. Dis. Child., 57, 


88. 1939. (92) Richardson, J. L.: J]. Med. Assn. Georgia, 45, 11, 1956. (93) 
Rokstad, I.: Acta. dermat.-venereol., 24, 113, 1944. (94) Romanoff, and Rubin: 
Cited by Harkavy, J.: |. Invest. Dermat., 2, 257, 1939. (95) Rosen, F. L.: Mod. 
Med., 21, 124, 1953. (96) Idem: J. Med. Soc. New Jersey, 51, 109, 1954. (97) 


Rosen, F. L., and Levy, A.: |. Am. Med. Assn., 144, 620, 1950. (98) Ross, P. H., 

lIvy, A. C.: Quart. Bull. Northwestern Univ. Med. School, 20, 424, 1946. (99) 
Russo-Giliberti, A.: Boll. soc. digiene Palermo, 1, 323, 1886. (100) Rutledge, 

W. lt Abstract of Discussion of: Sulzberger, M. B. ]. Am. Med. Assn., 102, 11, 1934. 

101) Samitz, M. H., Mori, P., and Long, C.-F.: Indust. Med., 18, 434, 1949. (102) 
Schirren, C. G.: Hautarzt.. 2, 324, 1951. (103) Schmidt, R.: Med. Klin., 34, 


665, 1938. (104) Schwartz, L.: Pub. Health Bull., 249, 14, 1939. (105) Schwartz, 
L.. and Tulipan, L.: Occupational Diseases of the Skin. Philadelphia: Lea & 
Febiger pp. 423-429, 1939. (106) Sée: Bull. gén de thérap., 77, 385, 1869. (107) 
Sigmond, G. G.: Am | Med. Sci., 22, 200, 1838. (108) Silbert, S.: |. Am. Med 
\ssi 114, 1442. 1940. (109) Smith, A. L.: Med. World, 61, 297, 1943. (110) 
Stauffer, H.: Schweiz. med. Wehnschr., 10, 1203, 1929. (111) Idem: Arch. 
Der t. u. Syph., 162, 517, 1930. (112) Sulzberger, M. B.: Bull. New York Acad 
Med., 9, 294, 1933. (113) Idem: (a) J. Allergy, 6, 56, 1934; (b) J. Am. Med. 
Assn., 102, 11, 1934. (114) Sulzberger, M. B., and Feit, E.: J]. Immunol., 24, 425, 


1933. (115) Sulzberger, M. B., Scholder, B., and Feit, E.: J. Immunol., 24, 85, 1933. 
116) Swineford, O., Jr., and Radford, P. J.: South Med. J., 41, 667, 1948. (117) 
Szentivanyi, A., Filipp, G., and Legeza, I.: Orv. Hetil., 44, 1414, 1951. 

118) Thienes, C. H., and Butt, E. M.: Am. J. Med. Sci., 195, 522, 1938. (119) Thomas, 
W. S., Asthma, its Diagnosis and Treatment. New York: Paul B. Hoeber, Inc., pp. 
130-131 1928. (120) Tommasi, L.: Dermosifilografo., 6, 57, 1931. (121) 
lrasoff, A., Blumstein, G., and Marks, M.: J. Allergy, 7, 250, 1936. 

22) Vallery-Radot, P., Mauric, G., and Holtzer, A.: C. rend. Soc. biol., 138, 336, 1944. 

123) Vaughan, W. T.: Practice of Allergy. St. Louis: C. V. Mosby Co., pp- 
675, 1015, 1939. (124) Vero, F., and Genovese, S.: Arch. Dermat. & Syph., 43, 
57, 194] 

25) Walker, I. C.: | Med. Res., 36, 423, 1917. (126) Walzer, M.: Be Allergy, 7, 597, 

1936. (127) Watanabe, K.: Tohoku J. Exper. Med., 24, 111, 1934. (128) Werle, 

E.. and Effkemann, G.: Klin. Wehnschr., 19, 1160, 1940. (129) Westcott, F. H.. 

Wrignt, IL. S.:_ J. Allergy, 9, 555, 1938. (130) Wood, W. L.: Cited by 

Theis, F. V., and Freeland, M. R.: Ann. Surg., 113, 411, 1941. (131) Wright, I. S., 

ind Moffat, D.: J. Am. Med. Assn., 103, 318, 1934. 


RADIOLOGY 


UNDER THE 


Davin M. ¢ 


PROFESSOR OF RADIOLOGY, 


LITTLE ROCK, 


AND 


AFEE, M.D. 


JOHNS HOPKINS UNIVERSITY AND HOSPITAI 
MARYLAND 


Joun G. Me 
ASSISTANT PROFESSOR OF RADIOLOGY, THI 


BALTIMORE, 


FIBROUS DYSPLASIA OF BONE 
By Marvin L. Daves, M.D. 

ASSISTANT RADIOLOGIST, THE NATIONAL INSTITUTES OF HEALTH, BETHESDA, MARYLANI 
FORMERLY RESIDENT, DEPARTMENT OF RADIOLOGY, THE JOHNS HOPKINS HOSPITAI 
AND 
Joun H. Yarpiey, M.D 
RESIDENT PATHOLOGIST, THE JOHNS HOPKINS HOSPITAL AND INSTRUCTOR, DEPARTME) 

OF PATHOLOGY, THE TOHNS HOPKINS UNIVERS 


From the Departments of Radiology an 


University, 


Fiprous dysplasia is a pyramid of 
The apex of the pyramid is 
the relatively rare Albright’s syndrome, 
and its broad, indefinite base is a mul- 
titude of monostotic lesions. In 1937, 
Albright? and his co-workers crystal- 
lized the growing concept of an entity 
distinct from hyperpar: athvroidism 
which presented cyst-like bone lesions, 
cafe-au-lait spots and sexual precocity 
in females. In 1938 and 1942, Jaffe and 
Lichtenstein*!** extended this concept 
to include cases with only skeletal 
manifestations and supplied the name 
“fibrous dysplasia.” So complete was 
their descripition of the clinical, roent- 
genographic, and pathologic findings 
in Albright’s syndrome and polyostotic 
fibrous dysplasia that these diagnoses 
were thenceforth made with confidence. 
Thus the era of unnecessary para- 
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thyroid surgery came to an end. Or 


the other hand. these authors only su 


gested the relationship of sing 
osseous lesions to the parent disea 
and left to others the task of defini 


contines ot monostot 


1946. Schlu 


accurately the 
fibrous dysplasia. In 
berger® 
an article entitled 
of Single Bones (Monostotic 
Dysplasia ).” Most authors have si 
thought that his 
relationship 


“Fibrous Dyspla 


sequently 


supported the hetwe 
monostotic and polyostotic fibrous d 
plasia. His own conclusion of no r 
tionship has been usu lly disregard 
Confusion on this aspect still prev: 
so that 
plasia has become a “waste basket” 


the diagnosis of fibrous d 


monostotic osseous lesions. 
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hope of shedding some light on the 
monostotic  fi- 
brous dysplasia. Special attention will 
other 
such as the 


ncountered 


onfusion surrounding 


lso be accorded associated 


roblems complications 
classifying the numer- 
skull. 
based on our 

literature 
A more ex- 
available 


us fibro-osseous lesions of the 
Data and conclusions are 
wh experience and the 
to us. 


hic h Was available 


tensive historical review is 
lsewhere 
of fibrous dys- 


ETIOLOGY. The: cause 


isia remains unknown. Jaffe and 
Lichtenstein's conception of a develop- 
nental abnormality of the bone form- 
‘mesenchyme is the most acceptable. 
hannhauser’s® contention that fibrous 
splasia is a variety of neurofibroma- 
sis has inspire d 2 


buttals Other 


CeCLVE d | less attention. 


very compre ‘hensive 
have 


$8.46 


theories’ 


(he problem of relating monostotic 
brous dysplasia to polyostotic fibrous 
splasia ind 


Albright’s 


iologically is one of 


svndrome 
relating 2 un- 


wns. The monostotic lesion may be 


efined as anv bony 


lesion which is 
mmonly duplic: ited, roentgenograph- 
ily and pathologically, in polyostotic 


dy sp jlasia. The burden of proot 


then on the one who says they are 


t related. Some authors, however, 
ypose a traumatic basis for mono- 
tic lesions. To Schlumberger, the 


of the mono- 
tic lesion in ribs is an argument in 

vor ol as the etiology; but, 

the radiologist who commonly sees 
ne-term follow-up examinations of 
fractures on routine chest films 

ithout observing the genesis of fi- 


redominant occurrence 


trauma 


ous dysplasia, the opposite is true. 
ther arguments which Schlumberger 
| vances are equally untenable. 

| LINICAIT 


idrome 


MANIFESTATIONS. Albright’s 
\lbright’s original descrip- 
a syndrome characterized 
osteitis fibrosa disseminata, areas of 


lh Was ot 
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pigmentation and endocrine dysfunc- 
tion with precocious puberty in fe- 
males. He has since lamented the use 
of his name in connection with this 
syndrome and recommended substitu- 
tion of Lichtenstein’s term, “polyostotic 
The eponym, how- 
ever, is wide ly accepted, and serves the 
function of separating the disease with 
extraskeletal manifestations from the 
purely osseous affection. 

Cafe-au-lait spots are the commonest 
extraskeletal concomitant. They are dis- 
tinguished by Albright from those of 
neurofibromatosis by having an_ ir- 
regular, “coast of Maine outline” as 
opposed to the smooth, “coast of Cali- 
fornia outline” found in the latter dis- 
ease. In both diseases the cutaneous 


fibrous dy splasia™'. 


change evidently reflects an increase in 
the melanin content of the basal cell 
layer of the epidermis****. These spots 
show no tendency to follow the dis- 
tribution of the bony lesions. Cases 
have even been reported in which the 
cutaneous involvement was confined 
almost exclusively to the side opposite 
to the skeletal involvement**. 

Sexual precocity is an impressive 
finding in females with Albright’s syn- 
drome. The menarche has been re- 
ported as early as the second day of 
life**. This precocity is a true one, 
because numerous females so afflicted 
have eventually had normal pregnan- 
cies. Lina Medina, the little Peruvian 
girl who became the youngest mother 
in the world at the age of 5'*, evidently 
had constitutional sexual precocity and 
not Albright’s syndrome. Sexual pre- 
cocity of mild ‘degree has been re- 
ported in 3 

Skeletal precocity is less impressive 
but even more frequent than the early 
menarche and development of second- 
ary sexual characteristics. Consequently 
females with Albright’s syndrome are 
large for their age during adolescence 
but cease growing early and are be- 


( 
nil 
| 

\ 


low average height as adults. Of the 3 
male cases referred to above, only the 
one reported by Falconer and Cope" 
demonstrated a_ significant degree of 
early skeletal maturation. Jollv** has 
summed up our knowledge of the 
cause of precocity in patients with 
fibrous dysplasia by saving that it is 
as inexplicable as the etiology of the 
whole disease. 

lhyroid dy stunction is frequently en 
countered, but its relation to the 
syndrome is unexplained. The range of 
congenital anomalies which have been 
reported in patients with fibrous dys 
plasia is wide and includes coarcta 
tion of the aorta, osteopoikilosis and 
arteriovenous fistulat?. However, in a 
review of 140 cases of polvostotic dis 
ease, Vines®** found the incidence of 
congenital anomalies no greater than 
in the general population. Our review 
ot the literature leaves us with the 
impression that the mentality of these 
patients varies as does that of the 
general population. The high incidence 
of mental retardation first reported, in 
part reflected a lack of normal associa 
tions available to these physically 
handicapped children. Skeletal lesions 
are usually numerous in patients with 
Albright’s syndrome but a few cases 
with minimal bony involvement have 
been reported". 

Polyostotic Fibrous Dysplasia. As a 
rule, the clinical manifestations second 
ary to skeletal involvement are thos« 
produced by repeated fractures and 
the resulting deformities. In the skull 
however, bony overgrowth may pro- 
duce visible deformity and constrict 
the orbits and 
exophthalmos and neurologic defects. 
(JHH 
#701499) in whom platybasia became 
a threat to life, but this patient also 
had Paget’s disease. One case is re- 
ported in whom vertebral involvement 
resulted in paraplegia®*. In cases with 


foramina causing 


We have seen one. case 
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cranio-facial involvement, a dentist 
may first make the correct diagnosis 
On the other hand, it is not uncommon 
for a patient to be asymptomatic 
despite rather extensive diséase. The 
number of mild cases which remain 
unrecognized may be so great as to 
invalidate any statistics on the inci 
dence of fibrous dy splasia 

Death may rarely occur as a result 
of superimposed infection patients 
crippled by severe bony detormity. The 
disease does not always become. in 
active at puberty is has been suggested 
and many patients present with thei 
first symptoms in adult life. Orthopedi 


and cosmetic detormity 


Progressive 
blindness. and contracted pelves are 
the main problems with which the 
clinician may have to deal. 

In patients with extensive bony in 
volvement, laboratory examination wil 
frequently reveal an elevated serum 


alkaline 


slightly elevated serum calcium, an 


phosphatase, occasionally 
rarely increased urinary calcium 
excretion 

Monostotic Fibrous Dysplasia. Thes 
lesions ure usually discovered 
dentally, but mav come to light as 
result of pain, pathologic fracture 
a noticeable mass 

Vines® contention that 12% of th 
population have cafe-au-lait — spots 
makes one suspect Schlumberger 
statement that none of his 67 patients 
with monostotic fibrous dysplasia had 
any abnormal pigmentation Perhaps 
the basis of the discrepancy is a differ 
ence in definition of what. constiti 
(stated 


Vines but not by Schlumberger ). 


abnormal pigmentations 
Fibrous dy splasia in its various for 


has been reported in association wit! 


sarcoma in 11 


and with so-called adamantinoma ot 
All of the cases. how 


ever, are not well documented, so {hat 


long bones in 5°. 


the malignant potentiality of fibrous 
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dysplasia remains in doubt. We are 
impressed by the paucity of bona fide 
nalignant transtormations reported in 
ssociation with so common a_ bony 
iCS1ON 
FEATURES. Al- 
Polyostotic 
Fibrous Dysplasia. In the 
ske le tal adFCas, the 
bliterate the medullary canal and thin 


ROENTGENOGRAPHI 
bright’s Syndrome and 
involved 


lesions tend to 


\) (}HH #276369 
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cortex may be 
thinned, thickened or shaped like a 
candle flame. The medullary canal may 


On occasion, the 


demonstrate a single or multiloculated 
cystic appearance or a smudge re- 
sembling columns of smoke curling 
upward. Superimposed on, and_ per- 
haps responsible for, some of these 
lesions may be innumerable deformities 


wrought by repeated fracture. Thus, 


A 4-year-old boy with polyostotic fibrous dysplasia. Deformity 
ere are areas of homogeneous smudging and a few cysts at the distal metaphysis 


B) The same child at age 10, after numerous fractures. There is gross deformity 


with expansion and areas suggesting columns of smoke. 


he overlying cortex. If one observes 
homogeneous, ground-glass medul- 

iry opacification which blends imper- 
eptably with cortical bone and has no 
harp margins (Fig. 3D), the diagnosis 
ft fibrous dysplasia can be made with 
onfidence. This distinctive homo- 
eneous smudge, according to Hamp- 
ton in discussion of the paper by 
Bogart and Imler™), renders fibrous 
lysplasia the easiest possible roent- 
Unfortunately, 

this appearance is not always present. 


enologic diagnosis. 


the variations in the roentgenographic 
findings are great. Nevertheless, the 
over-all picture is usually sufficiently 
characteristic to permit diagnosis even 
without the pathognomonic 
geneous smudge. 

In some instances, we have seen the 
ground glass appearance become trans- 
formed into the “columns of smoke” 
picture as repeated fractures super- 
vene (Fig. 1A and B). 

The roentgenographic cysts are pre- 
sumably a late feature because we have 


homo- 
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encountered them much more fre 
quently in adults than in children. 
This is in agreement with Hopf's ob- 
servations=”, but the reverse has been 
reported by Sante’. The cysts some 
times reach grotesque — proportions, 
whereas the ground glass lesion is 


virtually nondeforming. A multilocular 


November, 1957 


appearance Is sometimes due to thin 
areas of normal bone between cysts 
and sometimes due to coarse trabeculae 
partially traversing the cysts. Occa 


sionally the cystic appearance _ is 


actually normal medulla between 2 


adjacent dense smudges with concave 


borders. 


Fig. 2—(A) (JHH #K67412): 


A 45-year-old man with predominantly left-sided invol 


ment showing “shepherd’s crook” deformity of both femora and large “cysts,” particularly 


the pelvis. Disease first noted at age 9. 


(B) Skull of the same patient, showing chan: 


indistinguishable from Paget’s disease. 
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Che 


luced 


candle flame” lesion is pro 


an area of thickening of the 
cortes idjacent to cyst, curving 
moothly 
ond. the 


[Extreme degrees of expansion, bow- 


down to normal caliber be 


cyst. 


ng, increase in length, distortion of 


} 


cystic formation and hyperosto- 


ire generally associated with re- 
infractions. 
the 


ons is extremely variable and erratic. 


peated fractures o1 


The distribution of osseous le- 


In a given patient unilaterality of the 


be 


CSTOTIS 


the most striking fea- 


ture Ribs are usually involved and 


ccasionally tremendous 


undergo 
bones!* 
the 


one side 


nsion not seen in other 
dramatic 
the 


i chest roentgenogram sug- 


\n equally finding is 


ollapse of rib cage on 


producing 
estive ot an extensive thoracoplasty 
vith regeneration of the resected ribs. 
The vertebrae are usually spared but 
tay show evstic changes. Involvement 
{ the pelvis is almost always cystic 


Fig. 2A In 


lj iphyse s ot 


in the 
the 
appear 
solid blocks having a homogeneous 
slightly 
paque than normal cortex. All gradu- 
tions of the 


contrast, lesions 
the 


almost 


small bones of 


tremities invariably 


glass texture less 


round 
disease are seen in long 
bones, but the epiphy ses are spared in 
hildren and seldom encroached upon 
n adults. No matter how extensive the 
sseous dysplasia, there will always 
be areas of absolutely normal bone in 
lose proximity to areas of disease. 
The skull is usually involved in poly- 


stotic disease and will be discussed 


low 

Cranio-Facial Dysplasia. 
Pugh®*, Windholz™ and more recently 
Fries!® have described these lesions in 
the skull is 
expanded and of 
round glass consistency but so much 
one is seen tangentially in the roent- 
enograms that the result is a sclerotic 


Fibrous 


me detail. The base of 
iracteristically 
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A and C). The 
calvarium is more likely to present a 
combination of sclerotic and lytic ex- 
pansile deformity quite similar to 
Paget's but usually not so 
fuzzy (Fig. 4A). Purely cystic lesions 
are generally solitary, fairly small, and 
occur principally in the parietal area. 
The lesions usually have little regard 
for sutures, vet occasionally 


appearance (Fig. 3, 


disease 


a single 
bone will be so uniformly hyperostotic 
as to afford an excellent demonstration 
of the that bone. Facial 
lesions tend to be diffuse and to en- 


anatomy of 


croach on the sinuses, particularly the 
frontals and ethmoids (Fig. 3, A and 
C). Downward growths of the floor 
of the maxilla are common. Lesions in 
the facial bones may demonstrate all 
degrees of density but are usually less 
than the cranium. 
Mandibular lesions are likely to have 
very faint, coarsely speckled opacities 
(Fig. 5, A and B). 

Monostotic Fibrous Dysplasia. All of 


the varieties of 


dense those in 


bony lesions encoun- 
tered in the parent disease have been 
duplicated radiologically by the mono- 
stotic Wells**, Wyatt and 
Randall** and Zimmer™ have given 
special attention to the roentgeno- 
graphic features of monostotic fibrous 
dysplasia. They are of the opinion that 
the diagnosis can be made with confi- 
dence on a roentgenographic basis and 
give the following criteria: (1) <A 
cystic-appearing area located eccen- 
trically in the involved bone; (2) a 
smudge of increased density and a few 
coarse trabeculations within the cyst: 
and (3) opaque margination around 
the cyst which is sharp on the inner 
surface but, on the outside, fades off 
into the surrounding bone. We agree 
that a very high diagnostic batting 
average can be attained if the smudged 
appearance is present (Fig. 6A). In 
the absence of that sign, the lesions 
may be confused especially with the 


disease. 


| 
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equally benign nonossifying fibroma the medullary cavity of the involved 
and small, inactive unicameral cyst*". bone. Sometimes the lesion shows a 

PATHOLOGY. The typical lesion of generalized reddish tinge from vascu 
fibrous dysplasia, whether it be poly- _ larization, or there may be a few frankly 
ostotic or monostatic, is seen grossly hemorrhagic foci. Cystic areas are oc- 
as gray to yellow, rubbery, frequently casionally encountered. A gritty tex- 
well-demarcated tissue lying within ture involving a part or all of the dys- 


Fig. 3—(A) (JHH #644222): A 19-year-old woman with cranio-facial fibrous dysplasia « 

the sclerotic type [here is constriction of the right orbit and filling in of the sinuses an 

nasal passage on that side. (B) The biopsy specimen shows thick, interconnecting masses « 

metaplastic osteoid. (Hematoxylin and eosin, 75). (C) JHH #698199): An 8-year-ol 

female with Albright’s syndrome. Note the similarity to (A). (D) Legs of the same chil 
showing the pathognomonic smudge in the right tibia and fibula. 
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the 
of calcified trabeculae. In extremely 


plastic process denotes presence 
radiopaque 


frankly 


component is less apparent. The peri- 


lesions, the specimen is 
bony, and the rubbery, fibrous 


osteal surface is smooth and _ intact, 
except when trauma has been superim- 
posed with its attendant callus forma- 
Cortical 


frequently reduced to a thin shell with 


tion bone over the lesion is 


}HH 


id type Phere 


+ 640319 
tively forming by metaplasia. 


oughened 

rhe any 
er-all distortion of a given bone is 
ted to of the 
ramedullary dy splasia. 


“sand-pitted” inner sur- 


degree and form of 


location and extent 
licroscopically, the basic compo- 


of fibrous dysplasia are fibrous 


J ie and associated bony trabeculae. 
fibrous is ordinarily 
d of spindle cells formed into 
ids and whorls, but in some speci- 

the 


tissue com- 


fibrous constituent consists 
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of more loosely arranged cells, much 
like those seen in embryonic fibrous 
tissue. Still other lesions, or areas of 
the will 


paucity of cells and show large amounts 


same lesion, demonstrate a 
of collagen. In the “typical” case, the 
osteoid is scattered through the fibrous 
tissue as more or less isolated deposits 
that are irregular in shape, variable in 
size, and show lack of any special 


\ 64-year-old woman with cranio-facial fibrous dysplasia of 
is constriction of the left orbit and occlusion of the left frontal sinus. 
f the same lesion, showing cellular fibrous tissue and associated bony trabeculae 


(Hematoxylin and eosin, * 75 


pattern of arrangement (Fig. 6B). 
Large areas may show no osseous com- 
ponent at all. The deposits may be 
very tiny, measuring as little as 20 to 40 
diameter; but at the other 
extreme, particularly in the radiopaque 
lesions seen most frequently in the 
skull, large, interconnecting trabeculae 
may be the major feature (Fig. 3B). 
The osseous tissue in some lesions 
of the jaw is made up of unusually 


rounded trabeculae®. This has led to 


micra in 


| 
{ Se? a 
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the suggestion that it resembles osteo- 
cementum and that these jaw lesions 
may be more closely related to teeth 
than bone. Others®® dispute this, stat- 
ing that similar osseous spherules are 
seen in fibrous dysplasia elsewhere in 
the body (Fig. 6B). 

A term frequently used in connec- 
tion with fibrous dysplasia is “osteoid 


metaplasia.” This aspect of the patho 
logical picture is best studied in those 
lesions composed of multiple small 
bone trabeculae and abundant cellular 
fibrous tissue of the more primitive 
type (Fig. 4B). The metaplastic forma- 
tion of osteoid is seen in its earliest 
stage as small deposits of osteoid that 
develop around individual connective 


Fig. 5. 1) (JHH #703684): <A 15-year-old male with polyostotic fibrous dysplasia. 1 
ribs and scapulae show cystic and sclerotic involvement. Note the unilocular, expan 


deformity of the right side of the mandible. 


B) Lateral view of the mandibular lesion. 


A biopsy of the mandibular lesion is histologically indistinguishable from “ossifying fibron 
The trabeculae in the lower half are near the periosteum and show osteoclasts and ost 
blasts on their borders. (Hematoxylin and eosin, x 75). 
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tissue cells. The connective tissue cells 
enlarge and become encased by the 
osteoid, and eventually the altered 
cells are trapped within the completely 
formed trabeculae osteocytes®”. 
Long fibers of collagen pass out into 
the fibrous tissue from the new. tra- 
beculae. This evidence of the common 
origin of the osteoid and collagen in 
fibrous dysplasia has been effectively 


illustrated by Valls®’ using the Rio 
Hortega stain. The similarity of osteoid 
metaplasia in fibrous dysplasia to em- 
bryonic preformation of membranous 
bone is striking. 

Osteoblasts, in the sense of morpho- 
logically distinct, enlarged, rounded 
cells that line trabeculae, are not ordi- 
narily encountered except at the mar- 
gin of dysplastic areas where pre- 


6 \) (JHH #126514): A 49-year-old male with monostotic fibrous dysplasia in 
rib showing slight expansion of the cortex and a homogeneous “smudged” appearance. 
rhe lesion is seen at its margin. Its sharp demarcation and the small size of some 
cous elements are apparent. Note that many trabeculae are in the form of spherules. 


(Hematoxylin and eosin, « 40). 
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existing bone and periosteum are being 
encroached upon by the growing 
fibrous tissue, or in lesions undergoing 
reactive effects following traumatic 
changes. The same factors also seem 
to govern the presence of osteoclasts, 
for they, too, are not characteristic of 
fibrous dy splasia (Fig. 5C ). 

Isolated giant cells may be ob 
served rarely within the fibrous tissue, 
whereas greater numbers are chiefly 
noted around blood vessels and_ in 
areas where extravasation of blood has 
occurred**. Hence, trauma is implicated 
in their genesis also. Foam cells (cells 
containing lipoids) are infrequently 
seen in well-documented cases of fi 
brous dysplasia, and large numbers 
are unusual. Snapper*’, from the many 
foam cells he saw in his early cases, 
concluded that they were of primary 
importance in the pathogenesis of fi- 
brous dysplasia. This he later retracted. 
Schlumberger®® attaches special im- 
portance to foam cells as a common 
morphologic link between fibrous dys- 
plasia and nonossifying fibroma. Since 
they are nonspecific and variable in 
occurrence in both fibrous dysplasia 
and nonossifying fibroma, we feel that 
foam cells should be given no special 
slonihcance 

Occasional lesions from fibrous dys 
plasia will show nests of cartilage 
Lichtenstein and Jaffe took this carti 
lage formation to be merely indicative 
of the potentiality of the fibrous tissue 
for forming both osseous and cartilagi 
nous elements. Those authors also 
pointed out the similarity in some re- 
spects between polyostotic fibrous dys- 
plasia and Ollier’s disease: they stated 
that the presence of cartilage was but 
further evidence of the “kinship” be- 
tween the 2 conditions. Since cartilage 
is a normal component of callus, it is 
also possible that the presence of car- 
tilage in fibrous dysplasia is related to 
the traumatic alterations commonly) 


sustained. Nevertheless, there have 
been a few cases of the polyostotic dis- 
including at least 2 
of Albright’s svndrome with extensive 
endocrinopathy, that show large 
amounts of cartilage within lesions that 
were otherwise histologically fibrous 
dysplasia. Just how these cases fit into 
the total picture is not certain. 

Early observers before the recog 
nition of fibrous dysplasia as a distinct 
entity, were sometimes puzzled by the 
realization that lesions in some cases 
of “von Recklinghausen’s disease” that 
appeared cystic on Roentgen ray con- 
tained fibrous tissue with bony trabec 
ulae on pathologic study. As was 
pointed out above, true cysts are the 
exception in fibrous dysplasia. One 
need compare the roentgenograms and 
pathology of only a few lesions to 
satisfy himself that relatively large 
amounts of metaplastic osteoid may be 
present without sufficient calcification 
to produce radiopac ification. A ground 
glass or smudged roentgenographic ap 
pearance is caused by partial or helter 
skelter calcification of trabeculae. 

Although, in occasional foci, the 
trabeculae will show erratic cement 
lines that might cause confusion with 
Paget's disease, a true ge neralized 
mosaic pattern is not found in fibrous 
dysplasia. 

As isolated histologic findings, fibro 
sis, osteoid metaplasia and_ osteoscle 
rosis are, of Course, in-no way unique 
features of fibrous dysplasia. The fail 
ure to distinguish fibrous dysplasia 
from osteitis fibrosa cystica over a 
period of several decades lends special! 
emphasis to this fact. Likewise, fibro 
osseous changes are found in a number 
of other osseous conditions'®. For ex 
ample, fibrosis of bone is seen it 
agnogenic myeloid metaplasia, follow 
ing exposure to a variety of poisons 
and in chronic internal exposure t 
irradiation. Metastatic tumor in a bon 
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will sometimes cause foci of fibrosis 
similar to fibrous dysplasia. Experi- 
mentally, fibro-osseous changes have 


been produced by injection of char- 
artery! 

trauma are 
articularly troublesome to the pathol- 


icles into a nutrient 


oal part 

hanges brought on by 
gist who is trving to diagnose a lesion 
vhere fibrous dysplasia is suspected. 
Phe 


ustained in many types of bone defect 


ictures and infractions commonly 


in alter bona fide case of fibrous 


splasia in a way that makes the 
liagnosis suspect, or they can alter 
sions of a different type (such as a 
vst) in manner that makes fibrous 


rasonable. 
atent 


fracture can 


vsplasia Lr though uncer- 


tain possibility. | 


rdinary 


healing of an 
produce exuber- 
nt fibrotic callus that is misdiagnosed 
fibrous dysplasia. Frequently, the 
able to provide the patholo- 
with small, 


that make 


urveon 18 


only 


nondescript 
iements any interpretation 
h izardous 
NOMENCLATURI Ol FIBRO-OSSEOUS 
Dys- 
In dealing with hyperostosis 
skull, 


gets disease 


tat 


gestions. Cranio-Facial Fibrous 


Hasta 


tin when eliminates 


meningioma, meta- 


disease, anemias, metabolic dis- 


turbances, hyperostosis frontalis interna 
nd the osteo-dystrophies, one is still 
tt with roup ot fibro-osseous le- 
ons. These may be almost completely 


Drous o7 


osseous, and may or mav 
t have well-defined margins. This 
oup has been subdivided into 


teoma, fibrous osteoma ( osteofibroma, 


bro osteoma 
al fibroma osteogenic fibroma, 
genic fibroma 


, ossifying fibroma (cen- 
odon- 
and fibrous dysplasia, 
epending on the ratio of 

and the gross form of 
With the exception of 
teoma, we prefer to unify this group 
ider the Ih ‘ading of cranio-facial fi- 
ous dy splasia. This term circumvents 
e insignificant problem of whether 


bony to 


Drous tissue 


le sion 
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fibrous dysplasia involving more than 
one cranial bone but confined to the 
skull is called monostotic or polyostotic. 
Hobeck*> Smith®* encountered 
considerable difficulty in justifying 
their classification of these lesions as 
separate entities. Berger and Jaffe® and 
Georgiade?! illustrated the logic 
considering these 
lesions simply as fibrous dysplasia. 
By “osteoma” we mean the eburnated 
pedunculated growth — usually 
seen protruding into the frontal and 
but 
countered elsewhere. 
may be 


and 


have 
and simplicity of 


and 


occasionally en- 
While this lesion 
identical to the 
other fibro-osseous lesions of the skull, 
unlike the rest, its distinctive 
and roentgenographic 


ethmoid sinuses 


histologically 


gross 
appearance Is 
not a feature of polyostotic fibrous dys- 
plasia or There- 
t separate 


Albright’s syndrome. 
it must be 
entity. 
Monostotic 
have 


fore, considered ; 


Fibrous Dysplasia. We 
monostotic fibrous dys- 
lesion which is 
1 patients with polyostotic 
Albright’s syn- 
As stated previously, the essen- 
tial histopathology of the bony lesion 
is fibrous association with 
Thus, we have ex- 
cluded osteoma because it has no gross 
or roentgenographic counterpart in the 
polyostotic disease. We have included 
fibrous osteoma and ossifying fibroma 
in the category of cranio-facial fibrous 
dysplasia because they are commonly 
duplicated in the pare nt disease. Many 
extracranial lesions have been called 
ossifying or osteogenic fibroma and 
these should also be considered mono- 
stotic fibrous dysplasia. 

We must exclude 2 other lesions, 
which are sometimes considered mono- 
stotic fibrous dysplasia, because they 
are strictly fibrous and are not a fea- 
ture of polyostotic fibrous dy splasia. 
These are nonossifying fibroma®* (non- 


defined 
plasia as any bone 
duplicated i 
fibrous isia or 
drome. 


tissue in 


bonv trabeculae. 


| 
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fibroma, fibro-xanthoma, 
xanthomi 1) and benign cortical defect’, 
2 lesions which are quite closely re- 
lated. Hatcher?® and Cunningham"! 
have lumped both under the heading 
“meti iphy seal 
Ponseti*' 


osteogenic 


fibrous defect” and 


has presented a case showing 


3 successive 


the genesis and exodus of 
cortical defects which he feels proves 
that “non-ossifying fibroma” is a local- 
ized intermittent disturbance in the 
process of These 
do present the same microscopic pic- 
ture (closely packed fibrous tissue and 
occasional nests of foam cells) and 
both occur primarily at the ends of 


long bones in an eccentric 


ossification. lesions 


position. 
They differ clinically and roentgeno- 
gr aphic: lly in that nonossifving fibroma 
behaves like a tumor, while the corti- 
cal defect behaves like a disturbance 
in the ossification. The 
former expands the cortex, 
into the medullary canal, sometimes 
becomes quite large and does not re- 
while the latter 
appears in lieu of cortex, protrudes 
neither inward nor outward, 
quite small and is almost always 
obliterated by the remodeling process 
of the bone. 

DIFFERENTIAL DIAGNOsIs.. Hyperpara- 
thyroidism. The fact that 15 of the first 
finally recognized as fibrous 
dysplasia had parathyroid explorations 
is only of historical interest. 


process of 
pre ytrudes 


gress spontaneously, 


remains 


25 cases}? 


There is 
no longer any reason to confuse fibrous 
dysplasia with hyperparathyroidism. 
The consistent chemical findings of 
hyperparathyroidism are not encount- 
ered in patients with fibrous dysplasia, 
and the skeletal roentgenograms of 
patients with hyperparathyroidism 
demonstrate generalized bony rarefac- 
tion of the malacic variety’ with sub- 
periosteal resorption, particularly in the 
phalanges and distal ends of the 
clavicles. These are changes which 
have no counterpart in fibrous dys- 
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plasia. Furthermore, for reasons as vet 


unexplained, the cystic lesions of 
hyperparathyroidism which led to the 
original confusion are being encoun 
tered less and less frequently. 

Ollier’s Disease. 


ference in the location and roentgeno 


Because of the dif 


graphic appearance of the bone lesions 
and of the histopathology involved, it 
seems to us that the difficulty in dis 
tinguishing fibrous dysplasia from 
multiple enchondromatosis is over 
rated. Pugh® 


3 cases of polyostotic fibrous dy spl isla 


However, has reported 
which did somewhat resemble Ollier’s 
carefully outlined the 
distinguishing characteristics. 

Among the differ 
ential points raised by Albright’ and 
Jaffe** are the following: (1) Neuro 
fibromata are not a feature of fibrous 


dysplasia. (2) The 


disease and has 


Neuroftbromatosis 


OSSCOUS lesions ot 
neurofibromatosis are usually congenital 
malformations or deformities caused by 
slowly growing adjacent neurofibro 
mata. (3) Cystic bony lesions resultin: 
from intraosseous neurofibromata ar 
rare. (4) The configuration of the cafe 
au-lait spots differ in the 2 diseases 
(5) Neurofibromatosis tends to be 
familial. 

rea Granulomata and Hand 
Schiiller-Christian Disease. Th 
“punched-out” bony lesions of Hand 
Schiiller-Christian Disease* are easilh 
distinguished from the lesions of fibrou 
dysplasia. The changt 
found in the two diseases are quite dif 
ferent and the 
and_ other 
countered in 
not a 


cutaneous 


involvement’ of lung 
viscera occasionally e1 
reticuloendotheliosis 
feature of fibrous dysplasi 
Solitary eosinophilic granulomata m 
occ: sionally require biopsy for diagn 
, but the lack of a condensed bord 
or ” of any calcific density within tl 
defect will 
from monostotic fibrous dysplasia. 
Paget's Disease. A small specim 


usually distinguish then 


il 
| 
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from an inactive area of Paget's disease 
devoid of marked osteoblastic and 
osteoclastic activity may closely re- 
emble fibrous dysplasia and a few 
trabeculae in the latter sometimes con- 
tain cement lines forming a facsimile of 
the mosaic pattern of Paget's disease. 


However, given an adequate biopsy, 


the pathologist has no difficulty in 
identifving Paget's disease. 
Radiologically, the distinction be- 
tween disease fibrous 
dysplasia can be quite difficult. Indeed, 
ranial| fil ibrous dy spli isia of the pi agetoid 
type can be distinguished only by 
biopsy from Paget's disease, confined to 
the skull and without osteoporosis Cir- 
cumscripta (Fig. 2B). In polyostotic 
lisease, the vertebrae will usually be 
ost helptul They are frequently in- 
volved in Paget's disease but rarely 
involved in fibrous dysplasia. In the 
mer, they characteristically show in- 
creased radio-density, while in the 
tter, involvement is typic: ally “eystic. 
The wedge-shaped advance of Paget's 
lisease down the cortex of the long 
on is not duplicated by fibrous 
lvsplasia and if metatarsals, metacar- 
als, or phalanges are involved, differ- 
ntiation becomes easy. Paget's disease 
irely involves these bones and then 
produces thick, irregular cortices and 
oarse trabeculation rather than the 
vathognomonic sign of fibrous dys- 
lasia 
We would like lament the tend- 
ney to dismiss casually Juvenile 
Pagets disease as a misdiagnosis for 
ises of fibrous dysplasia. A patient 
IHH +168319), now 35 vears old, 
been followed at The Johns 
Hopkins Hospital for 20 years. Un- 
tunately, the early roentgenograms 
missing, so the juvenile nature of 
the disease is not documented, but the 
ge factor resulted in a misdiagnosis 
{ fibrous dysplasia until the unfolding 
ventgenographic picture and repeated 
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biopsies made it clear that this was 
truly a case of osteitis deformans. 
Wagner®* reported a well-documented 
instance of advanced Paget’s disease 
in a patient 18 years of age. 

Leontiasis Ossea. Of the many terms 
which have been proposed with good 
intentions and perpetuated as “waste- 
basket” diagnoses, none has been so 
thoroughly abused as “leontiasis ossea.” 
Windholtz™! dispelled two-thirds of 
the confusion when he pointed out 
that most cases so diagnosed were 
fibrous dys- 
plasia. third and smaller 
group he c’ssified as Virchow’s type. 
We feel that this group can be dis- 
carded and replaced with specific en- 
tities such as chronic osteomyelitis, 
diaphyseal dysplasia with cranial in- 
volvement*! and metaphyseal  dys- 
plasia with cranial involvement*®, and 
we agree with Seils®°* who recommends 
abandoning the term leontiasis ossea 
completely. Unfortunately, the term 
will probably live on as a refuge for 
cranial hyperostoses which temporar- 
ily defy more meaningful classification. 
Insofar as the differential diagnosis of 
fibrous dysplasia is concerned, it is 
sufficient to be aware of the hetero- 
geneous nature of leontiasis ossea and 
of the roentgenographic features of its 
component parts. 

Meningioma en plaque. The clinical 
and roentgenographic features  (in- 
cluding pneumography and angiog: 
raphy) of the spherical meningiomas! 
readily delineate them from ~l 
dysplasia but meningioma en plaque 
presents a_ special problem. Both 
cranial fibrous dysplasia and meningi- 
oma en plaque commonly produce 
sphenoid ridge and frontal hyperosto- 
sis, exophthalmos and optic changes 
second: ary to progressive constriction of 
the optic nerve. In either condition, 
positive signs in pneumograms and 
angiograms may be minimal or absent. 


either Paget's disease 


| 


The 


It has been said that the 2 can be 
arated on the basis of age, the tumor 
occurring in adults and the dysplasia in 
children However, 


sep 


our experience 
with cranio-facial fibrous dy spl isia pre 


senting in 


middle-aged has 


patie nts 
been too extensive to allow us to ac cept 
even this as a valid criterion. Perhaps 
scintoscanography — will 


meningioma en 


succeed — in 
identifying plaque 
where angiography and pneumography 
have failed. 
Cherubism. This lesion must be con 
in the differential, 
nomenclature. 


sidered strictly be 


cause olf Jones et al.® 
“familial 
to indicate the 


have used the name fibrous 


dysplasia of the jaws” 


disease known as cherubism— which 
they have described so thoroughh 
This is a nonosteogenic fibrous lesion 


which sometimes contains many giant 


familial, and tends to 


regress spontaneously. All 


cells, may be 
these fea 
tures are foreign to fibrous dysplasia 
lalley®? and Gy. Frigyesi** have pre 
s of fibrous dys 
plasia as familial fibrous dysplasia of 
cherubism ). We feel that 
the confusion can best be obviated by 
using the “cherubism” 
originally suggested by Jones and _ is 
beautifully de ‘scriptive of the chubby 


and chil 


sented bona fide case 


the jaws 


hame which Was 


“heavenward 
dren so affected. 
Unicameral Bone Cysts. 
tion, the 
epiphyseal 


face gaze of 
At its incep 
cyst grows adjacent to the 

plate, rapidly 
and finally migrates down the 
diaphysis as it becomes 


becomes 
larger, 
inactive*® and 
as the epiphysis continues to form new 
bone. The classical lesion presents no 
difficulties in diagnosis. However, small 
are inactive when first 
seen roentgenographically may be indis- 
tinguishable from monostotic lesions 
of fibrous dysplasia that contain insuffi- 


lesions which 


cient calcium to cause a “smudged” 
shadow. The surgeon makes the diag- 
nosis when he cuts into a true cyst 
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filled 
uid. If the pathologist receives only a 
wall of the 
buat 


tissue containing a few bony spicules 


with vellow or brownish-vellow 


small scraping from the 


cyst, he mav see nothing fibrous 
that closely resemble fibrous dysplasia. 
Kew lesions so beautifully illustrate the 
interdependence of radiologist, surgeon 
and pathologist. 

Osteoid 


and 


Viscellaneous osteoma 


giant cell tumor aneurysmal bon 


cevsts are lesions which are 


patho 
logically and roentgenographically dis 
extensive 
elsewhere? On the 
validity of 


a name supplied 


tinctive and have received 


consideration 
sub 


other hand, the 


periosteal desmoid, 
by Johnson for 4 cases reported by 


Kimmelstiel and Rapp*’, has not been 
established 
lated or identical to 
defect, but fit 


fibrous dysplasia. 


These lesions may be re 


benign cortical 
none of the criteria of 
Summary. 1. Fibrous dysplasia is a 
group of diseases comprising Albright's 
svndrome, polyostotic fibrous dy splasia, 
and monostotic fibrous dysplasia (in 
cluding cranio-facial fibrous dysplasia 
2. Albright’s svndrome is character 
ized by multiple skeletal lesions con 
tissue associated with 


taining fibrous 


metaplastic bone formation, areas of 


cutaneous pigmentation and sexual o1 


skeletal precocity. 
}. Polvostotic fibrous dysplasia is 


characterized by the same 


multiple 
bonv lesions with significant extra- 
skeletal manifestations. Cafe-au-lait 
spots may or may not be present 


t. Cranio-facial and monostotic fi 
brous dysplasia include those isolated 
bony lesions that are identical, roent 
genographically and pathologically, to 
lesions seen with polyostotic fibrous dys- 
plasia. Since fibrous osteoma and ossi 
fying fibroma are identical to lesions 
seen in the polyostotic disease _ they are 


imple s of fibrous dyspl. isia. 


— 
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». Because of one or more points of 6. The name “cherubism” should be 


dissimilarity with fibrous dysplasia used to avoid the confusion caused by 


nonossifving fibroma, benign cortical calling this lesion, which is apparently 


defects, and ‘osteoma should be consid distinct from fibrous dy splasia, “familial 


ered as distinct from fibrous dysplasia. fibrous dysplasia of the jaws.” 


0) 
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SUMMARIO IN INTERLINGUA 
See page 505 for original article 


Le Concentrationes de Sulfamethoxypyridazina in Sanguine e Urina Post 
Administrationes Oral de Varie Dosages 


Le concentration de sulfamethoxypyridazina (Kynex) in sanguine e urina 
esseva determinate in homines normal post unic doses oral de 4,0 e 3,0 ¢ e in 
hospitalisate patientes adulte qui esseva sub tractamento secundo 5 differente 
planos de dosage. Le datos colligite es publicate como adjuta in le selection del 
appropriate plano de dosage in le utilisation prophylactic e therapeutic de iste 
nove e potentialmente importante sulfonamido. 

In le tractamento del majoritate del infectiones susceptibile in adultos, un 
dose initial de 1,0 g sequite per 0,5 g omne 24 horas pare provider adequate 
concentrationes in le sanguine in le majoritate del casos. Un dose initial de 
20 ¢ es recommendate quando plus alte concentrationes in le sanguine es 
desirate tosto post le initiation del therapia, e doses diurne de 1,0 g es possibile 
mente requirite durante le prime dies del curso therapeutic si alte e ben-mantenite 
nivellos es requirite proque le infection in question es sever o proque illo es 
causate per organismos que es minus susceptibile al effecto del droga. Pro 
objectivos prophylactic contra infettiones streptococcal e contra febre rheumatic, 
le dose de 30 mg per kg de pesso corporee (i.e. 1,5 a 2,0 g pro adolescentes o 
adultos de pesos usque a 67 kg) un vice per septimana, de accordo con kk 
recommendation de Lepper, Simon, e Marienfeld, pare esser rationabile « 
adequate 

Quando le tractamento con sulfamethoxypyridazina es continuate durante un 
septimana o plus, il es multo desirabile determinar le concentration del droga in 
le sanguine pro constatar si le absorption es adequate e non resulta in un accumu 
lation excessive. Isto deveni un necessitate absolute quando le droga (o non 
importa qual altere sulfonamido) es usate in patientes con dysfunction renal 
suspecte o demonstrate. 


BOOK REVIEWS AND 


ATLAS OF CLINICAL ENbpOocRINOLOGY. By H. 
\.B., M.D., Clinical Professor Emer- 
itus of Medicine and Endocrinology, Univer- 
ity of California School of Medicine, and 
Roperto F, Escamiiia, A.B., M.D., Clinical 
Professor of Medicine, University of Cali- 
fornia School of Medicine. Pp. 176; 148 

including 3 in color. St. Louis: C. V. 
1957. Price, $18.75. 


LIssE! 


Puts is an excellent pictorial representation 
of the problems seen by the clinical endo- 
crinologist. Of particular value are the con- 


ise ce including methods of diag- 
therapy. The publisher is to be 
omplimented on the format. As with all 
Atlase this 


riptions 


suffers from the fact that the 
cases presente d are completely typical. This 
limits the value somewhat, so that the present 


volume cannot substitute for a good textbook. 
Nevertheless, it 


should be of extreme value 
to teachers of endocrinology. W. fF. 
PHARMACOLOGY AND ORAL THERAPEUTICS. 


By Epwarp C. Dosss, B.S., D.D.S., F.A.C.D. 
Professor of Pharmacology and Therapeu- 
Dental School, University of Maryland. 


llth ed. Pp. 579; 28 ills. St. Louis: C. V. 
Mosby Co., 1956. Price, $9.00. 
luis edition is designed primarily as a 


teaching aid for dental students studying 


iarmacology; and for the practicing dentist 


i reference book of newer drugs and prep- 
irations. | believe this aim has been very 
uccessfully achieved. 

The book is divided into two sections. 


ie first section discusses general pharma- 
ology, with the drugs classified as to their 
hief sites of action. This section also includes 
chapter on chemotherapy and _ antibiotics 
which is up to the minute. The newer local 
estheti ire also fully reviewed. The sec- 
is devoted to dental and oral 
erapeutics and it lists the drugs as to their 
| uses, together with prescriptions useful 
dental practice. A chapter on prescription 
writing should be of great help to the student 
as the practitioner, whose prescrip- 
tion experience is limited 
The book is an excellent compilation of 
lrugs and treatments essential in the general 
practice of dentistry. In addition, it contains 
any references to the literature, making it 


H. H. 


nt 


we ll 


good text for reference purposes. 


NOTICES 


MoperN TRENDS IN (SECOND 
Serres). Edited by Sim Harry Prarr, 
MD. MS. FRCS... FALS., 
President, Royal College of Surgeons of 


England. Pp. 331; 226 ills. New 
B. Hoeber, Inc., 1956. Price, 

Tne editor is also the author of the paper 
on congenital dislocation of the hip. There 


York: Paul 
$12.50. 


are ten other subjects by leading orthopedists 
of Great Britain. The subjects are concerned 
with reconstiuctive surgery of the hip, pe- 
ripheral nerve lesions, antibiotics in tuberculo- 
sis of bones and joints, mus¢ le transplanta- 
tion in poliomyelitis, internal derangements of 
the knee, traumatic paraplegia, Potts’ para- 
plegia, displacement of upper femoral epiphy- 
sis, contractures of the hand and femoral 
neck fractures 

The authors 


which are SO 


have very aptly covered the 

otten 
everyday orthopedic practice. Latest therapies 
and therapy of the past are discussed, and the 
conclusions reached by each author are lucid. 
The book is well illustrated and should be 


on the shelf of orthopedic residents and _ all 


topics encountered in 


practicing orthope dic surgeons. 1. D 
PuysioLocic PrincipLes or SurGERY. Edited 
By Leo M. ZimmMerRMAN, M.D., Professor 


and Chairman of the Department of Surgery, 
Chicago Medical School, and Racumiret 
Levine, M.D., Chairman, Department of 
Medicine, and Director, Department of 
Metabolic and Endocrine Research, Michael 
Reese Hospital, University of Chicago. Pp. 
988: illustrated. Philadelphia and London: 
W. B. Saunders Co., 1957. Price, $15.00. 
Tue importance of applying the principles 
ot physiology to the surgical patient is well 
recognized by all modern surgeons. However, 
the difficulties entailed in restudying the usual 
physiology texts and attempting to sort out 
important facts from large amounts of experi- 
mental detail present an almost insurmount- 
able hurdle to the busy practicing surgeon. 
This task is greatly expedited by this book, 
which arranges a review in physiology into 
various surgical sections. Some of these, for 
example, are metabolic changes in injury, in- 
fections and antibiotics, transplantation of 
tissues, hemorrhage and shock, pain, congeni- 
tal and acquired heart disease, and individual 
sections on each system. Multiple authors 
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x 
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have contributed so that each section is 
iuthoritative and as timely as any text can be 
[t is doubtful that any physiology of any im 
portance to 1 surgeon has been omitted 
Actually this text is probably as complet as 
ny current text in physiology, but differs 
only in arrangement of material, concise man 
itation, and elimination of detail 
valuable only to the exper! 


ental physiologist 
This book is highly recommended to all 
linical physician particularly those engaged 
in the practice, teaching or study of surgery 
B 
KORPERLICHE UND GEISTIGE EIGNUNG ZUM 


FUHREN. VON KRAFTFAHRZEUGEN BEL 


VERLETZTEN. By D1 MED. ARTUR Gross 
HANN. Pp. 84. Stuttgart: Georg Thiem« 
Verlag L957 Intercontinental Medical 


Book Corporat New York, U.S. Agents 
Price, DM 7.50 


| HIS on graph is based upon 5-vears 
experience in testing patients with chroni 
cerebral injur \ battery of tests was ip 
plied uno Vi in especially devised rea 
tion apparat ind a tachistoscope prov d 
useful These two devices tested chiefly the 
patient s ittentior The importance ot testing 
the practi | intelligence is emphasized It is 
necessary t several projective tests in 
order t iscertain characte rologic il ibnotr 
ilities. Mental abnormalities may impair 
the dri bility at least as much as purely 
neurological defects. Diffuse cerebral impair 
ment seems t be more dangerous than focal 
lesions Particularly frontal and temporal 
lesions cause inability to drive. Orie-third of 
the brain-injured tested were considered abl 
to driv ne-third only under certain condi 
repeate | retesting ind one-third was 
nsidered unable. The text will serve as an 
xcellent introduction into practi ally 
portant prol lems E.S 
ATLAS DI (JASTROENTEROLOGISCHEN 


DIAGNOSTIK. By N. HeNntnc, M.D.. Profes 
SO! ind Director University Clinic of 
Erlangen and S. Wirte, M.D., Assistant in 
Medicin« Pp. 103; 114 ills. Stuttgart: Georg 
Chiem« Verlag, 1957 (Intercontinental 
Medical Book Corporation, New York, U.S 
Agents Price, $9.50. 

[His monograph written in German con- 
tains a complete translation in English 
Though short, it is comprehensive and deals 


with gastrointestinal cytodiagnosis trom 
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mouth to rectum. Of particulas interest are 
the figures on duodenal contents demonstrat 
ing the cytopathology of a variety of dis 
eases aftecting the duodenum ind biliary 


tree The authors enumerate the techniques 
that are best applied in obtaining material 
for cytodiagnosis They juaint the reade1 


with the difficulties, limitations and pitt ills of 


this tec hnique but also stress its applic ibility 
4 varietv of staining methods are suggested 
including intravital Huore ent staining tor 


tumor scanning ind the wivantages ot 


phase microscopy are beauti ully represented 
Cell types numbers na rrangements are 
discussed in detail as ar the variations i 
vtoplasm nuclei and 1 eoli. They point 
out that the larg ell tf pernicious anem 
with enlarged nuclei rich in chromatit 
mav also be observed in trophic sctriti 
without pernicious an 
The most praise worthy portion of this book 
is the Atlas. It contains b tiful ph tomicr 
traphs of specimens th ntire ntestinal 
tract including normals vell as those tron 
inflammation infection iriety of 
tumors. It is regrettable that cost prevent 
the presentation of pl t rapl | 
This book is highly 1 ended to those 
with an terest In t t vtodia 
nosi S 
ORGANIZATION ( CEREBRAI 
Cortrex. By D. A. SH Department of 
Anatomy. University of London. Pp. 125 
24 ills London Methuer & Co Ltd 
und New York Johr \\ ley & Sol Tre 
1956. Price, $4.25 
Tris is a beautifully written review of some 
of the recent studies on the cerebral corte) 
It includes data obtained by anatomists, clin 
icians, physiologi and psychologists, and 
correlates the information obtained in 
different dis« iplines with each other and with 
1 statistical ipproach idvocated by the 


author 


In the first chapter vethods of studying 
the cerebral cortex are revi wed ind dis 
cussed This is followed by very complet 


descriptions ot the histolos \ ot the erebral 


cortex, which includes bot}! qualitative and 


quantitative data. Neuronal types, cortica 
lamination cytoarchitectoni maps are 
considered in detail, as are the total volume 
of the cortex, the total number of neurons 
ind the density of neuronal packing 

Under the chapter heading “The Quantifi 


cation of Neuronal Connectivity” the author 
describes the proportions ot specifi typ ; ot 


g 


neurons pres¢ nt in 
ortex, the length 


dendrites ind the 


different parts of — the 
distribution of their 
distribution of afferent 
fibers to different cortical zones. An interpre 


and 


tation of this histological analysis is included 

The studies of Lashley, and Hebb 
ire reviewed in the chapter dealing with the 
node of operation of the 
Also included in this discussions 
of Ashby’s cybernetic methods and the studies 
of Walter on electroence phalography. 

In the fin 


Pavlov 
cerebral cortex 
section are 


il chapter Professor Sholl presents 

possible types of mathematical 
theory that might be useful in studying corti- 
al organization. He believes that the proba 


Like 


bility theory and the related discipline of 
nathematical statistics are of value in the 
inderstanding of cortical activity. 
Che book excellently organized. It should 
read by everyone interested in the study 
the net system. The photomicrographs 
beautiful and the Bibliography, although 
tive, is very adequate D>. & 


Tue Docror, His PATIENT, AND THE ILLNEss 
By BaLint, M.D Pp 355. New 
York International Universities Press, Inc 
1957. Price, $7.50 

Tuts is practical book growing out of a 


research project carried out at the Tavistock 


Clinic in England. The author and 14 general 
ractitioners met once a week in groups ot 
Ba 10 and discussed experiences with pa- 


I 
ents. These discussions led by Dr. Balint, 
psychiatrist focused around the emo- 
tional probk ms in the patient. The first thesis 
f the book was that some people who find 
t difficult to cope with their life problem re- 
rt to becoming ill. The doctor and his ap- 
roach to much to do with the 
rganization of the illness. The book discusses 
ychotherapy by 
kes up su h things as to when to give and 


were 


illine SS has 


general practitioners and 


ien not to 
] ] 


SO ce 


reassurance and advice. 
with the time for starting psy- 


otherapy and plans for terminating it. It 


Give 


1 readable book and contains an Index. 
©. B. 
rouR or Mine. (THE BRAIN-INJURED 


CHILD AND His Hope). By O. E. Hoop. Pp. 
L8O. New York: Harper & Brothers, 1957. 


Price, $3.00 


luis is the story of Mr. Hood’s pioneer 
venture in rehabilitating brain-injured chil- 
ren. It was as a psychologist that the author 

came into contact with children, who 
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and loved. While 
working as a teacher for abnormal children by 
day, he attended the Graduate School of Ed 
ucation at the University of Southern Cali- 


were poorly understood 


fornia at night and received his M.S. degree 
in 1948 and later continued as a member 
of the Doctorate program. In 1948 with a 


grant from the Tracy J. Putnam Foundation 
he established a Psychological Clinic in 
Beverly Hills and until 1951, operated an 
experimental training 
children. In 1951, he opened his present in- 
stitute for Child Study Training School 
specializing in the problem of the brain 
injured children. 

Mr. Hood’s book is simply written in lay 
language 


school for abnormal 


and is filled with the personal 
histories of the children 
Care \ 
children, considered hopele SS by all physi 


who have come 


under his surprising number of 
cians who examined them, have returned to 
their homes, public schools and employment 
This book will be of particular interest to the 
lay person who has a brain-injured child and 
who has a problem in his care. It will be of 
interest to the medical protession as a story 
of a _ pioneer 


experiment in rehabilitating 


brain-injured children M. S. 
PROCEEDINGS OF THE CONGRESS OF NEURO 
LOGICAL SurRGEONS, 1955. Los ANGELEs, 
CALIFORNIA, CLINICAL NEUROSURGERY. VOI 


3. Pp. 261; 130 ills. Baltimore: Williams & 

Wilkins Co., 1957. $10.00. 

THis monograph is presented with Dr. Carl 
W. Rand of Los Angeles as its honored guest. 
The divided into six chapters. 
The first three chapters are devoted to lec- 
tures given to the Congress by Dr. Rand 
on pituitary tumors, histologic changes in the 
human brain following head injuries, and two 


Pric 


contents are 


cerebral complications of pregnancies respec- 
tively. 

The fourth chapter is a Symposium on 
carotid artery thrombosis with an introduction 
and discussion by Dr. John E. Webster; Clin- 
ical Manifestations by Dr. J. M. Nielson; 
Pathological Manifestations ‘by Dr. Cyril 
Courville; and Surgical Treatment by Dr. 
Lawrence W. Arnstein. 

Chapter 5 is devoted to a Symposium on 
Consciousness with an_ introduction by 
Lussell Meyers, M.D.; Psyc hological Aspects 
by Donald B. Lindsley, M.D.; Brain Stem 
Influences on Consciousness by H. W. 
Magoun, Px.D.; The Cerebral Cortex and 
Consciousness by Robert B. Livingston, M.D.; 
and Unconsciousness in Head Injuries by Dr. 


mmm 
| 

| 
| = 


O10 The 


ohn E. Webster. Included in this chapter 
ire a series of questions and answers perti 
nt to this subject. 

Che final chapter is on a Symposium on 
Neuro 
surgery. The introduction by Dr. William H 
Sweet; The Clinical Aspects by Richard A 
Koons Chis chapter also 


many interesting que stions and answers 


Hypothermia and Hibernation in 


In lude S 


fhe monograph is completed by a_ list 


the members of the Congress of Neurologi 
il Surgeons and an Index. 

Chis 1 onograph covers many neurological 
nd neurosurgical subjects of wide interest 


is stim ting and interesting reading. 
MLS 
DISEASI F THE Nose, THROAT AND Ear 
By Howarp C. BALLENGER, M.D., F.A.C.S 
Protessor Emeritus, Department of Otolaryn 
cology Northwestern University Medical 


Scho ind JoHN J. BALLENGER, B.S., M.S.., 
Associate, Department of Otolaryn 


rology Northwestern University Medical 
School. 10th ed. Pp. 968; 550 ills., 11 plates 
P} ladelphia Lea & Febiger, 1957 

Py =n 
[Hts class text has been widely used for 
90 year the 10th edition maintains the 
gh standard of excellence by a thorough 
revisior | the addition of much new ma 
rial lerous new and _ instructive 
illustrations. Thi physiology and functional 
tests of tl vestibular labyrinth have been 


brought up-to-date and the chapters dealing 


with infl matory diseases of the labyrinth 
id the surgical treatment of inflammatory 
liseases of the labyrinth have been completely 


rewritten. Enti1 ly new chapters on allergy 
ind Méniére’s disease have been added. Ma 
lignant diseases of the nose, throat and eat 
light of recent ad 


nosis and the rapy. The chapters 


are reconsidered in the 
nces in di if 

Ol peroral endos¢ opy, direct laryngos¢ Opy 
tracheobronchos« Opy, ¢ sophagology and gas- 


troscopy are concise, systematic and instruc 
tive. The authors have stressed diagnosis and 
treatment and thoroughly covered the clinical 
proble ms arising in the ‘practice of otorhino 
laryngology. This textbook will be of great 
value to the student, intern, resident, general 
practitioner and otolaryngologist. H. S 


ALCOHOLISM: 4 TREATMENT GUIDE FOR 


GENERAL PRACTITIONERS. By DONALD W. 
HewIrT1 M.D., Chief Medical Advisor. 
Charity Alcoholic Rehabilitation Center, Los 
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Angeles Pp 112 Philadelphia Lea & 
Febiger, 1957. Price, $3.00 

fre author of this book, who specializes 
in the treatment of alcoholism, indicates that 
he knows the alcoholi pers ynalitv. He does 
not believe the problem of the alcoholic is 
lity but he does not 
ion of the part other 


His treatment ipproach is 


entirely one ot person 
have any clear formutlat 


tactors play 


eclectic, fiving the ide1 choice ot how 
much chemical treatment, how much religion 
how much Antabus« r how much psycho 


therapy he will use The book might have 
had added value for the 


eneral practitioner 


for whom it is inter had tl vuthor 
indicated his preterr 1 treatment te hnique 
ind given reasons for it ccess instead of 
merely offering possibl treatment The list 
of references is sketchy QO. I 


Munro Keres Operative Osstrerrics. By 
]. CHassar Morr, M.D., Nuffield Professor 
of Obstetrics and Gynaecology University 
of Oxford. 6th ed. Pp. 1008: 403 ills. Balti 
Williams & Wilkins Con 


$20.00 


more: Phe 
1956. Price 


npany 


wuthorship of 


Ir is not easy to assume the | 


i textbook which has been well-known and 
pe pulat for almost 50 vears. If the new author 


makes a sweeping revision oft the materi 


many will think he made too many 
changes, whereas if he alters it only slightly 
he is likely to be accused of attempting t 
get by on the re putation of the original author 


unted this probl 


]. Chassar Moir has sur 

admirably in his preparation of the 6th edi 
tion of Munro Kerr’s Operative Obstetrics. H« 
has retained much of the 


has revised a considerable amount of it anc 


riginal material but 
has added personal ( ments and many ex 
cellent illustrative case hi 
practice 

The title of this book i deceptive In addi 
obstetric operatior 


tories from his ow1 


tion to the discussions 


the author considers ch problems is ante 


natal and intranatal car inesthesia isphy XI 
fetalis and per 
named 


neonatorum, erythroblastosis 
natal mortality. It could well be 
Textbook of Abnormal Obstetrics.” The m 


terial is divided into sections: I rl 
Management ot Normal Labor: Il Dystor 
from Faults in the Forces; Ill Dvystoci 
from Faults in the Foetus; I\ Dysto 


1 


from Faults in the Parturient Canal; V) Ol 
stetric Operations and VI Injuries and A¢ 
dents to Mother and Child 


remarkably complet the rare and unust 


Each section 


| 


tment methods which the 


ble in this country 


well as the more common are 
informal and _ the 
with photographs, 

tables. Many cass 
personal experiences of both 
vir are included. Specific diagnos 


is lucid and 
illustrated 
statistical 


authors 


ped from their 
in detail 
experimental 1S 
for the 


great experience 
Little which is im- 
included. The 
most part which 
as well as in 


those 


he authors’ consideration of the 


ts of the 


he evaluation of 


their 
mode m ob- 


material and 


es is most interesting and in 

was prepared primarily for grad 
ind practitioners rather than 
tetric text. It contains so much 

torical and clinical material and 
lightful reading that it should 
rv of every obstetrician 


1 W 


NEW BOOKS 

for Rural \reas The 
ica undation. By 
Pp 6S 16 ills 
Published for Th 


id by Harvard University Press, 


Ten- 

WILLIAM 

Cambridge, 
Common 


$1.25 
t f a program to improve 
for a roup of communities 
‘ It describes the work of 
Medica Foundation, incorpo 


2 and aided by The Commonwealth 


ur provide .medical services in 

This area, Pruden Valley, a se- 

in mountainous, northeastern 

has an area of about 100° square 


ulation of some 6000 persons, 
i and their families. 

f health needs taken during the 
153 assessed the living and working 
lical, nutritional and dental prob 
inhabitants. Next came the estab- 
community clinics, medical center 
all in cooperation with the Ten- 
Medical 


t describes the 


Association. 

need, means and 
iving an important public health 

h as is met in many rural areas of 


States today F. R 


Pregnancy. Report of First Ross 
Research Conference. Pp. 80; 


Columbus, Ohio: Ross Labora- 
57 
eport of the First Ross Obstetric 
iference in which certain of the 


Hlormones 


Strabismus 


Expectant 
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physiologic and pathologic 
ing the 


were discussed 


changes accompany 
deve lopment ot preeclampsia-eclampsia 
The material presented at the conference in 
cluded discussions of the 
body in general and it 


composition of — the 

various compartments, 

the distribution of electrolytes, renal function, 

pituitary and adrenal hormones, hypertension and 

pathologic changes in the kidney with pre- 
eclampsia 

Phere i littl 


great pra 


would be ot 
treatment of 
individual patients with preeclampsia but ther 


which 
importance in the 


material 


is a tremendous amount of interesting informa 


tion concerning the abnormal processes which 
produce the characteristic changes of toxemia. 
J. W 


Function, and Behavior 

Hupson HoacLanp, The 
Foundation for Experimental 
Shrewsbury, Massachusetts Pp 
257: 50 ills. New York: Academic 
Ine L957. Price 7 


$7.00 
[nis symposium on Hormones, 


Brain 
Edited by 
Worcester 

Biology, 


Press, 


Brain Function, 


and Behavior, is a “‘must” for workers in the 
field. Many of the 
they would be of littl 
reader. Newer 
tween hormones and brain function are 
ing and interesting W. P 


papers are so technical that 
interest for the 


general 


idvances in the relationship be 


promis 


Diagnosis and Treatment. By 
BEULAH CusHMAN, M.S., M.D., Associate 
Professor of Ophthalmology, Northwestern 
University Medical School. Pp. 208. Phila- 
delphia Lea & Febiger 1956 Price, 
$6.00 


Mesenchymal Diseases in Childhood. Report 


of the 22nd Ross Pediatric Research Con- 
Pp. 103; 25 ills. Columbus, Ohio: 


1957. 


ference 


Ross 


Laboratories, 


NEW EDITIONS 


Motherhood. By NICHOLSON a 
EASTMAN, M.D., Professor of Obstetrics, 
Johns Hopkins University. 3rd ed. Pp. 
198; 13 ills. Boston: Little, Brown & 
Company, 1957. Price, $1.75. 

often that a medical author can 
produce two “best sellers” particularly when 
one is directed toward physicians and the other 
toward their patients. Eastman has accomplished 
this with his “Williams’ Obstetrics’’ and his 
enormously popular “Expectant Motherhood” 
which is now in the third edition. It is impos- 
sible to estimate how many thousands of women 
have read this book in its editions. 
Many obstetricians give each new prenatal pa- 
tient a copy as part of his initial prenatal rou- 
tine. Most women preserve their copies and lend 


Ir is not 


previous 


ty 
(rc. 
} 
wt 
\ 
| mi 
ted 
h 
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them to friends and it is one of the most popular The Compleat Pediatrician. By W. C. 
} lily rie 

ie | xk is interestingly written and so com ‘ 2 

plete that the patient and her husband should Duke University School of Medicine, and 


I ble to find the answer to almost any ques JEANA Davison Levinruat, M.D., In- 
material is presented in eleven chapters which 
Michigan School of Medicine ith ed. 
} 
wit! nstruation, conception the 
] ) 
develo] t of the infant and conclude with Durham, N.C.: Duke University Press 
a dese f the care of the newborn baby 1957. Price. $4.95 
There ar ly a few illustrations but these ar ; 
Tne has become 
clear 1 il trate important portions of the k 
text: 4 ti intrauterine fetal development standard qui reteren¢ I guide tor diagnosti« 
during labor exercises d therapeutic infor tior in the pediatric 
ith “ ‘ , field. It is uniquely constructed to provide maxi- 
Tl thor does n excellent job of givi1 mum information in the briefest possible space 
ecif sdvice nd directions while at the san Although it is scarcel iceable as a mears 
ti the instructions general enough t f introducing — the ndergraduate student to 
coincid th the beliefs and practice of most pediatric it has real advantages for the trained 
tetri M ’ it womer 1 thei physicia [his revision again brings the book 
lea much f1 thi book up-to-date 
Whil r substitute pletely fo The senior iuthor i fortunate in having 
f pregnancy and its prot licited the help and interest of his daughter 
patients it can in the aintenance of The Compleat Pediatrician 
the patient can ref v} I which has provided hi t only an important 
1 I een the periodic isits t part of hi professional ctivities but has pro 
h J. W vided hi in avocati 1] W.N 
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ANGIOCARDIOGRAPHIC GLIMPSES OF CARDIAC PHYSIOLOGY®* 


By MELVIN M. 


Fictey, M.D. 


ASSOCIATE PROFESSOR OF RADIOLOGY 


From the 


lo radiologists the world over, the 
iame W. Edward Chamberlain brings 
mind the figure of a man of seem- 
gly boundless energy and enthusiasm, 
vet one possessed of independent and 
itical thought. Often the vigorous 
pokesman for his profession, Dr. 
Chamberlain is likewise a warm, kind 
iend to many of its members. In his 
fetime the 


evolution of present-day 
liolog, 


had depended on certain 
chnical achievements. For some of 
ese, precision control of radiographic 
essing (Chamberlain and Henny''), 
hinition of limitations at 


need for 


human 
oroscopy and the image 
(Chamberlain®), and 
ctrokymography | Henny, Boone 


d Dr. Chamber- 


n and his staff must be given full 


ensification 


lit. It is needless to eulogize him 
ther before you, his students and 
leagues who have the rare privilege 
iis stimulating association, but it is 
ig that he know of our unfailing 
em which is expressed by the 
ition of this lectureship in his name. 
t is equally fitting that on this first 


} 


irst Annual W. 
ia, Pennsylvania, December 14, 1956 


Edward Chamberlain Lecture. 


Department of Radiology, University of Michigan, Ann Arbor, Michigan) 


occasion we consider some aspect of 
cardiac physiology for this has been 
one of Dr. Chamberlain’s perennial 
interests. As early as 1926, with Dr. 
Dock, he recorded the first accurate 
curves of heart border motion by the 
time-consuming analysis of films ex- 
posed with the Ruggles Roentgen 
cinematogr: uph®*!". Twenty years later 
with the electrokymogr: aph developed 
with Doctors Henny and Boone?*:**, 
similar curves could be obtained with 
exquisite ease and fidelity. More re- 
cently he has developed bipl ine stereo- 
scopic serial filming equipment for 
cardiovascular filming’*, and now in 
conjunction with the Department of 
Physiology he and his department share 
in fascinating studies of circulatory 
physiology by cineradiography*. 

i have chosen to speak of glimpses 
of cardiac physiology by angiocardiog- 
raphy for with this me thod phy siologic 
phenomena can be visually appreciated, 
if, however, incomplete ‘ly. Angiocar- 
diography is generally regarded as a 
morphologic examination, but it will 
be my theme to show that the simple 
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expedient of coupling some timing de- 
vice, such as the electrocardiogram, 
with the angiocardiogram provides 
one with physiologic information that 
is not otherwise available. Although 
the films are static images, only infre- 
quently recorded, the timing record 
provides the continuity that allows 
perception of dynamic changes, an idea 
incidentally proposed by Ruggles in 
1925*!, and more recently emphasized 
by Lind and Wegelius*’. 

Observations may be made in this 
way about three related aspects of 
cardiac physiology: contraction of the 
chambers, the movement of blood and 
the action of valves. Few of these are 
of immediate practical importance, but 
they are of interest as they add to our 
unde rstanding of heart action. 

It may be asked, how representative 
are the angiocardiographic findings of 
the patient's usual hemodynamic 
status Under optimum conditions 
venous angiocardiography disturbs the 
resting hemodynamics very little dur- 
ing the filming period. Selective angio- 
cardiography by injection through 
catheter or needle within the heart, on 
the other hand, is less “physiologic.” 
Without detracting from its value as a 
morphologic study, it is necessary to 
recognize the disturbing influences of 
the instruments themselves, the arrhyth- 
mias produced by injection and the 
general anesthesia which is usually 
required. 

The proper intravenous injection of 
contrast material is painless, and in 
the usual amount of 1 ml./kg. of body 
weight is not large relative to the 
venous return. It is roughly equal to 
the ventricular stroke volume and 
enters the heart in 2 to 4 beats. Our 
experience shows that changes in 
heart rate or arrhythmia during filming 
are most unusual (Fig. 1). Such 
changes as do occur, brief bradycardia 
followed by tachycardia, begin with 


the peripheral distribution of the con- 
trast material well after the useful films 
are obtained (Amundsen, Amundsen 
and Miller'). Furthermore, there is in- 
dication that right heart pressures are 
not necessarily altered by the injection. 
In normal dogs, Nordenstrém*® and 
have 


others, Rowe and colleagues® 
found that injection directly into the 
right atrium produces no_ pressure 
changes that exceed those caused by 
respiration. Measurements in man on 
this point are lacking. Amundsen and 
associates have shown no alteration of 
systemic arterial pressure In man until 
the contrast material reaches the pe- 
ripheral arteries (Amundsen, Amund- 
sen and Miller’). Since the procedure 
can be carried out without anesthesia, 
with the patient either supine or 
sitting according to his cooperation, 
there is then reason to believe that 
it may be representative of his circu- 
lation at rest. 

But this is not always true. Infants 
and young children may be_ inade- 
quately sedated so they resist the re- 
straints required for _ positioning. 
Injection and filming may then be car- 
ried out during struggling or crying 
Apprehensive older children and 
adults may have tachycardia, hyper- 
tension and hyperpnea, or hypotension 
and nausea. Furthermore, olde: 
patients filming is made with the 
breath held in inspiration but over 
zealous patients may unintentionally 
make a Valsalva effect with significant 
alteration of venous return. A painfu 
injection in children may result in th 
same. It must be realized also that th 
contrast material is heavier than bloo 
and will take a dependent positio 
unless distributed by turbulence. Und: 
difficult circumstances the examinatic 
is far indicative of _ restit 
hemodynamics. 

Then, of course, the response of : 
abnormal heart has to be consider 


ap 


| 


it 


Figley: ANGIOCARDIOGRAPHK 


and it appears unlikely that there is 
no increase in right atrial pressure 
when the right heart chambers are 
dilated because of obstructive lesions 
or right ventricular hypertension. Con- 
trast material, entering from the 
superior vena cava, often enters the 
hepatic veins under these conditions 
though it seldom does so normally. 
This suggests a limited capacity of the 
right atrium for augmented venous re- 
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NORMAL CHAMBER DYNAMICS. ‘To 
appreciate fully the cyclic variations 
in heart morphology, it is necessary to 
relate them to other mechanical events 
and for this purpose phonocardiography 
or pressure measurement would be 
desirable. Electrocardiography, though 
not ideal, is widely used because of its 
convenience. Previous accounts of the 
relation of the angiocardiographic ap- 
pearance and the electrocardiogram 


+ 
$44 
| 
j 
+ 
l lhe electrocardiographic record during the angiocardiogram shown in Fig. 13. The 


ry slight changes in rate during the filming, 


marked below, are not more than occur with 


respiration. Brief bradycardia, then tachycardia follow the filming. 


in. Presumably right atrial pressures 
re elevated during injection with the 
ssibility that right to left shunting 
uld be facilitated if the atrial sep- 
m were patent. Some pressure meas- 
ements under these conditions are 
ceded. Noteworthy in this regard are 
jellberg’s observations that injections 
rectly in the vicinity of atrial or ven- 
cular septal defects produce no 
ht to left shunting unless there is 
mplicating right ventricular hyper- 
nsion (Kjellberg et al.**). 


limited ( Lind and 
Wegelius** ), and since modern filming 
equipment can record events of a few 
milliseconds duration it is necessary 
to relate mechanical and _ electrical 
events as precisely as possible. For 
this purpose the work of Cournand 
and associates®'*, Leatham?*, and the 
monographs of Andersson?, Rudhe*®, 
and Kjellberg and colleagues**, all of 
which are in remarkable agreement, 
have been heavily relied upon in the 
preparation of the followi ing account. 


are quite 


| 
| 
| 
' 
| 
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Right atrial systole begins roughly 
at the summit of the P wave (.065 sec. 
after its onset [Braunwald, Fishman 
and Cournand®]) and continues for 
.12-.18 sec. (Rudhe*®). Atrial empty- 
ing begins .02 sec. later, 
to electrokymographic observations 
(Rudhe*’), and ceases by the closure 
of the tricuspid valve at the onset 
of isometric ventricular contraction. At 
this time, roughly coincident with the 
S wave, (.065 sec. [Braunwald, Fish- 
man and Cournand®], .10—.11 
[Rudhe*®| after the Q wave) the 
atrium has presumably reached _ its 
smallest dimensions. It then fills from 


according 


the systemic veins to reach the maxi 
mum size, as judged by electrokymog- 
raphy, during isometric relaxation of 
the ventricle. The tricuspid valve then 
opens on the average of .14 sec. after 
the summit of the T wave (Rudhe*®), 
the atrium empties rapidly into the 
ventricle and during the period of 
diastole fills somewhat again before 
the next atrial contraction. The atrial 
volume curve may then have a double 
wave torm. 

Left atrial time 
slightly different. Sy 
sec. later (Andersson?, and Lagerlof 
and Werk6**) and ceases .02-.03 sec. 
earlier (Braunwald, Fishman and 
Cournand®, and Leatham?’), roughly 
at the peak of the R wave. 

By angiocardiography (Figs. 2 and 
3) it may be seen that the atria con- 
tract in all dimensions during systole, 
but corresponding border movements 
are not concentric. The posterolateral 
portion of the right atrium between 


relationships are 
Systole begins .02 


the vena cavae and the dorsal portion, 


of the left atrium between the pulmo- 
nary veins are relatively immobile 
(Fig. 9). Presumably venous attach- 
ments restrict the motion (Kjellberg 
et al.**). The atrial appendages con- 
tract concentrically (Kjellberg et al.**) 
and may empty quite completely 
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whereas there is always some residual 
blood in the atria, somewhat less in 
the left than right. Localized narrow- 
ing of the vena cavae and pulmonary 
veins at their entrance occurs during 
atrial (Hedman, Lind and 
Wegelius?!, and Kjellberg and 
Olsson**). The competence of these 
sphincteric mechanisms in preventing 


systole 


reflux is unsettled vet. 

Right ventricular emptying begins at 
the end of isometric contraction with 
the opening of the pulmonary valve 
which corresponds to the S wave or 
shortly thereafter (.08 sec. [ Braunwald, 
Fishman and Cournand*], sec. 
[Rudhe**] after the Q wave). 


There 
is some electrokymographic evidence 
that volume change in the right ven- 
tricle, as in the right atrium, is delayed 
approximately .02 sec. after the cor- 
responding pressure change (Rudhe ) 
Ventricular emptying is at first rapid, 
then slower and finally it ceases with 
the closure of the pulmonary valve at 
about the end of the T wave. Shortly 
thereafter the tricuspid valve opens 
and the ventricle fills, rapidly at first, 
then more slowly, and lastly to a vari 
able degree during atrial contraction 

As with the atria, there is measurabk 
asynchrony in ventricular dynamics 
Left ventricular contraction is longe: 
than on the right side (up to .05 see. 
but due to prolonged isometric con 
traction and relaxation the ejectiol 
period may be .06 sec. shorter ( Braun 
wald, Fishman and Cournand®). Thu 
mitral valve closure at the beginnin 
of isometric contraction precedes t 
cuspid valve closure (by O13 se 
| Braunwald, Fishman and Cournand 
or .02-.03 sec. [Leatham**]) but eje: 
tion does not begin until the aort 
valve opens, about .115 sec. after tl 
Q wave (Braunwald, Fishman ai 
Cournand® ), and some .035 sec. lat 
than the pulmonary valve oper 
Furthermore ejection ceases sooner \ 
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Normal right heart chambers seen in right anterior oblique projection, on the left 
etion of atrial systole and on the right during rapid ventricular ejection. Note 
latter that the atrium and its appendage are already well distended. 


Normal left heart chambers. The same heart as in Fig. 2 in the same projection, 
m the left at about the onset of atrial systole and on the right when the left ventricle 
ipleted most of its ejection. As is sometimes the case, the small normal left atrium 
is not seen well in this projection. 
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the left, somewhat before the end of 
the T wave, since aortic valve closure 
precedes pulmonary valve closure by 
.02-.03 sec. (Braunwald, Fishman and 
Cournand®, Leatham?’). Due to the 
long isometric relaxation period, how- 


ever, left ventricular filling does not 
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By angiocardiography the ventricles 
are found to contract in all dimensions, 
more or less concentrically with resid- 
ual blood conforming somewhat to the 
shape of the distended chamber. At 
times though only a small ovoid col- 
lection remains in the right ventricle 


12 345 6 7 6 
RIGHT 
LEFT 
P QRs T 
0.1 sec 


Fig. 4 


Diagrammatic re prese ntation of the average timing of electrical and mechanical event 


m both sides of the heart during atrial and ventricular systole in normal subjects 


1) Onset of right atrial contraction. 
(2) Onset of left atrial contraction. 

3) Onset of left ventricular contraction. 
(4) Onset of right ventricular contraction 
5) Onset of right ventricular ejection. 
(6) Onset of left ventricular « jec tion 

7) End of left ventricular ejection. 
(8) End of right ventricular ejection. 


The striped areas represent ventricular isometric 
Reproduced from Braunwald 
100, 1956 by permission of publisher, 


ventricular ejection. 


begin until .02 sec. after right ventricu- 
lar filling (Andersson?, and Rudhe*®), 
or a little after the end of the T wave. 
The asynchrony of the two sides of 
the heart is more easily appreciated by 
the diagram in Fig. 4 taken from 
Braunwald, Fishman and Cournand’. 


contraction. The stippled areas repres 


Fishman and Cournand5, Circulation, 
Grune & Stratton, Inc., New York. 


and a cone-shaped one in the left b 
low their 
(Fig. 3). latter structures are 
widest and less distinctly delineat: 
during ventricular diastole. With s\ 
tole they contract, becoming cylind 
cal, smooth walled canals, the rig 


respective infundibul 


These 


lor 
fill 
to 
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longer than the left but both always 
filled with residual blood. According 
to current electrocardiographic con- 
cepts of the spread of the excitation 
wave, contraction begins later in these 
basal portions than in the sinus portions 

the ventricle ( Wiggers*® ). 

\ prominent feature of ventricular 
ontraction is the associated move- 
ment of the valvular rings. With systole 


the semilunar valve rings move caudad 


| 
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mal children and adults under various 
circumstances: at rest sitting, lying 
and at thoracotomy. They do not nec- 
essarily apply to infants, or to diseased 
hearts, and of course the time intervals 
vary with changes in heart rate. Never- 
theless they can serve as a guide for 
the detection of gross alterations in 
heart chamber contraction. 
ALTERATIONS IN CHAMBER CONTRAC- 
TION. It is possible with present-day 


| 


—Complete A-V block, frontal projection. Left, the right ventricle at the end of its 


liastole during which there were two atrial contractions. At this instant, it is larger 
ormal and forms the right border of the heart shadow. Right, at the end of the ensuing 

ir contraction, the ventricle has the usual systolic residual. The very large stroke 
e was sufficient to fill most of the pulmonary arterial bed. Note the large excursion of 


the pulmonary valve plane. 


| the atrioventricular rings show an 
n more pronounced  apexward 
vement (Stauffer et al.*°). Because 
the latter, rather large reciprocal 
nges in volume can occur between 
itria and ventricles with the result 
t much wider amplitudes of motion 
ur within the heart than on the 
face (Fig. 8). 
(he observations described in the 
ceding sections were made in nor- 


rapid biplane angiocardiography _ to 
measure ventricular volumes (Dodge 
and Tanenbaum" ) and it is conceivable 
that in the future end diastolic volume, 
systolic residual blood, stroke volume 
and cardiac output will be computed 
and related by this method. But at the 
moment with normal standards lacking, 
only gross alterations in ventricular 
contraction can be recognized by 
angiocardiography. 


le 
j 
3 
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Complete A-V heart block provides 
an example of exaggerated stroke vol- 
ume. As shown in Fig. 5 the right 
ventricle is more than usually distended 
in diastole and normally emptied by 
the ensuing ventricular contraction. A 
large amplitude caudad movement of 
the pulmonary valve ring is also shown. 
By more rapid filming, alterations in 
atrial dynamics in this condition have 
been shown by Lind, Wegelius and 
Lichtenstein** 
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presumably due to the overlying peri- | 
the thickness of which can | 
shown. Angiocardiography 
excludes vena caval con- 
striction as a factor in the pathogenesis 


cardial scar, 
be readily 
conclusively 
of symptoms since these vessels are 
consistently dilated. 

The manner of contraction of the 
infundibulum of the right ventricle is 
of practical importance in regard to 
the recognition of pulmonary stenosis 
Hypertrophy of the right ventricle in 


Fig. 6.—Constrictive pericarditis, frontal projection. 


border. Left, 


just prior to atrial systole; 
J | : 


Pleural fluid lies against the right heart 


right, during rapid ventricular ejection. The 1 


atrial margin is of unvarying contour, slightly concave from the right instead of convex. T! 
ventricular stroke volume is almost certainly less than normal. 


Constrictive 
guished by a 


pericarditis is  distin- 
low fixed stroke volume, 
the cardiac output varying with the 
heart rate (Sawyer et al.**). Occa- 
sionally this small stroke volume can 
be detected by angiocardiogr: aphy 
(Fig. 6). Features more regularly and 
directly demonstrated are deformity 
and rigidity of the right atrial wall 
( Figley and Bagshaw" ) The normal 
convexity and variability of the lateral 
margin of this chamber are _ lacking, 


response to valvular pulmonic stenosis 
involves the infundibulum as well 

the sinus portion of the ventricle wit! 
the effect that svstolic contraction 

this area may result in a channel much 
narrower than the normal. This mig!it 
be regarded as functionally importa: 
stenosis but angiocardiogr: aphic si 

vations indicate this is seldom if evr 
the case as the narrowing is p) 
nounced only at the end of ventricu 


systole and the lumen then is virtua 
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Figley: ANGIOCARDIOGRAPHK 
ilways larger than the hole in the 
ilve (Kjellberg et al.*°, and Campeti*). 


On the other hand, should the infundib- 


lum be narrowed in diastole, as in 
Fig. 7, one may be certain that 
nfundibular stenosis is present. In 
ch cases systolic contraction may 
se the lumen completely. The re- 
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heen described as a cause of right 
ventricular hypertension and failure 
(Arvidsson, Karnell and Mboller*). 
\lore often, as in the case shown in 
Fig. 8, the stenosis is localized to the 
origin of each main branch associ- 
ation with pulmonary valvular stenosis, 
ventricular septal defect or tetralogy 


etralogy of 


Fallot, right anterior oblique projection near the end of atrial systole. 
libulum of the right ventricle is much narrower than normal, particularly at its 


ostium (arrow ). 


recognition of infundibular sten- 
angiocardiography depends 
having films exposed in ventric- 
(Kjellberg et al**, and 


} 
liastole! 


occurrence of stenosis in pulmo- 
arterial branches is attracting 
interest at the moment. Multiple 
ses in peripheral branches have 


of Fallot (Kjellberg et al.*° and Stern, 
Figley and Talner*’). In severe cases, 
as this one, the right ventricular output 
is impeded by the stenoses and col- 
lected te mporarily between them and 
the pulmonary valve with resulting re- 
markably wide pulsation of the pulmo- 
nary artery trunk. 


The clinical problem of  distin- 
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622 The 
guishing between mitral stenosis and 
insufficiency has been studied by angio- 

cardiogr: conclu- 
sion that a distinguishing opacification 


Zinssers early 
pattern of the left heart chambers ex- 
abundantly denied 
Steiner and 
and McAfee, 
Nevertheless 


isted has been 
Zinsser and 
Goodwin 


Hilbish and 


Johnson*! 


Soloff et al.**, 
Stewart"! 


Fig. § 


the large 


main branches . At catheterization, pressure 
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insufficiency 
Sloan**, and 
The resulting curves (Fig. 10) 
that atrial emptying is impaired in 
mitral stenosis, occurring slowly during 
when it is 
normally relatively 
larger extent than normal during atrial 
other hand, in 


(Judge, Figley and 
and Odman* ) 
show 


early ventricular diastole 


rapid and to a 


contraction. On the 


Pulmonary arterial stenosis, frontal projection. 
is not visible in these reproductions. Left, ventricular diastole; right, ventric ular systole. 
caliber change in the pulmonary arterial trunk and relatively slight change in the 
gradients 


Associated pulmonary valvular stenosis 
Not 


across each main branch orifice were 


shown. 


the hemodynamic dissimilarities shown 
by left atrial pressure curves and elec- 
trokymogr: phy 
supporte angiocardiographically. In 
patients with normal sinus rhythm the 
relative variations in the volume of 
the left atrium have been determined 
by measuring the area of the atrial 
projections and plotting these against 
the ECG in patients with surgically 
verified dominant mitral stenosis or 


(Andersson?) can be 


mitral insufficiency the atrium empties 
rapidly in ventricular diastole 
and relatively little during atrial 
On the basis of these findings 
electrokymogr: aphic records have 
re-evaluated and found to show with 
few exceptions the principal val\ le- 
sions in a large group of  survical 
patients (Judge, Figley and Slo: °) 

The Movement of Blood. Abnor nal- 
ities may be encountered in the rm \ve- 


early 
very 
systole. 


t 
| 
—— 

| 

3 | 
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Figley 


ment of blood, both as regards its 
velocity and direction of flow, the latter 
being of considerably more practical 
Importance. 

Under the usual conditions at venous 
ingiocardiography, the injected con- 
trast material moves sufficiently rapidly 
down the superior vena cava that it 
ippears to have mixed completely with 


nonopaque blood. Furthermore, the 
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tion. These may be seen in the right 
atrium in heart failure, tricuspid sten- 
osis, constrictive pericarditis, and other 
conditions. With severe pulmonary hy- 
pertension they may even be seen in 
the pulmonary artery (Fig. 11). 
When the contrast material can be 


seen to sediment in this vessel, as in 
this instance, the movement of blood 
is necessarily slower than normal. 


9.—Mitral stenosis. right anterior oblique projection. Left, full distention of the left 
n near the end of ventricular systole. Right, near the end of atrial contraction. The size 
position of the atrium on the left film have been penciled onto the right film. Note the 
amplitude movement of the A.V. plane and atrial floor compared to the slight movement 


+} 


ie barium filled esophagus against the posterior wall of the atrium. The curve “R.W.” 


in Fig. 10 shows the relative area variations of this atrium. 


bulence in the right atrium and 

itricle is such that normally these 

imbers appear rapidly and uniformly 
icified. 

When, however, the heart chambers 
dilated and the stroke volume of 
ventricles is low, the movement 
blood is sufficiently slow that de- 

ts in mixing of the contrast medium 
be shown by the relatively long 

osures of 1/10 to 1/20 second dura- 


Dotter’ has suggested the possibility of 
calculating blood velocity using this 
principle by employing particulate 
contrast material and measuring its 
movement in a given period. 
Efforts have been made to express 
the velocity of the circulation in terms 
of time taken for blood to move suc- 
cessively through the heart chambers 
(Figley'?, Nordenstrém**, and Soloff 
et al.**). Some fairly broad ranges of 
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MITRAL INSUFFICIENCY MITRAL STENOSIS 


AREA OF LEFT ATRIUM IN cu? 


Fig. 10.—The cyclic variations in the areas of left atrial projections in 8 cases of surgically 
verified mitral disease, 4 tight stenosis, 4 dominant insufficiency. In one case, “H.B.,” both 
frontal and lateral projections were available and showed similar cyclic variations indicating 
that volume change could be inferred from the area curves. Vertical lines mark position 
of the Q wave; crossed lines mark the end of the T wave. The manner of left atrial emptying 
following maximum atrial distention distinguishes the valvular abnormalities (see text). 


Fig. 11—Pulmonary artery, frontal projection, in a patient with mitral stenosis and sev: 

pulmonary hypertension. Left, beginning opacification of the artery. Mixing defects such 

those seen here are not shown with the same filming technique in normal patients. Right, t 

artery, seen later, is fully opacified except at the superior margin of the left branch (arro 
where the contrast has sedimented. 
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have 


normal 


been given but without 
reference to pulse rate or respiration 
in the clinical material. It is to be ex- 
pected that with more attention to 
details 


these 


more precise -definition 
of the normal will be possible. Yet 
before these are available it may be 


shown that slow flow does not neces- 
sarily depend upon chamber dilatation. 


ANGIOCARDIOGRAPHIC 
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left shunts are signaled by premature 
aortic opacification. In appropriate 
projection the location of these shunts, 
atrial, ventricular or arterial, can gen- 
erally be determined by simple venous 
angiocardiography, although of course 
anatomic details are better shown by 
the selective method. 

Left to right 


shunts, on the other 


(he right heart chambers are relatively hand, have in common recirculation 
normal in size in constrictive pericar- of the contrast material through the 
20} 
° 
° 
° 
oO 
w ° 
ep) 
1 4 i i 
12.—Angiocardiographic circulation time between initial superior vena caval and aortic 
wification. Lines indicate upper and lower limits of normal. 


ically verified constrictive 


Open circles are cases of 
pericarditis; closed circles are cases of pericarditis effusion. The 


ses of the 


tis where there seems to be definite 
lay in the circulation (Figley and 
iwshaw!) (Fig. 12). The relation 
tween heart volume and stroke vol- 
me would appear to be critical as a 
neral principle alterations of cir- 
lation y and offers an inter- 
ting problem for future angiocardio- 
phic investigation. 
\bnormalities in 


velocity 


direction of flow 
susceptible to more precise recog- 
tion by angiocardiography. Right to 


tional nature of this shunt, 


latter with the most delayed circulation had clinical signs of cardiac tamponade. 


pulmonary artery. The shunts may be 
localized however, by defects in the 
uniformity of the initial opacification 
of the right heart chambers ( Kjellberg 
et al.**, Lind, Spencer and Wegelius*! 
and Figley et al.*°). Such a_ shunt 
through a patent ductus quite regu- 
larly produces a mixing defect in the 
pulmonary artery that is most conspic- 
uous in diastole (Figley et al.*°, and 
Campeti® ). Furthermore, the bidirec- 
R-L in 


| 
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ventricular systole and L->R in ven- 
tricular diastole, can be shown when 
the pulmonary artery and aortic pres- 
sures are equilibrated (Kjellberg et 
al.*°, and Figley et al.*°). Ventricular 
septal defect with L-R shunts can 
similarly be localized in many cases 
by mixing defects in the right ventricle 
which are generally systolic in time 
(Fig. 13). The recognition of atrial 


by venous angiocardiography, but vis- 
ualization is distinctly superior by 
injection of the contrast material into 
the right ventricle (selective angiocar- 
diography [Jénsson, Brodén and 
Karnell**, and Kjellberg et al.?*]), 
Nevertheless a curious feature has 
been found in several cases by the 
venous method, namely elevation of 
the pulmonary valve during atrial SyS- 


Fig. 13.—Ventricular septal defect with left to right shunt, frontal projection. Left, ventricular 
diastole near the end of atrial contraction. Right, near the end of ventricular systole. Note 


the dilution of contrast material in the right ventricular infundibulum above the arrow localizing 


the shunt to the ventricular level. 


L—R shunts on this basis seems un- 
reliable, however, due to the normal 
mixing defects in the right atrium 
from the venous return of unopacified 
blood from the other vena cava. 
DISORDERED FUNCTION OF HEART 
VALVES. Stenosis of the tricuspid and 
pulmonary valves is probably most 
precisely established by right heart 
catheterization. The morphologic de- 
formity of valvular pulmonic stenosis 
can be shown in the majority of cases 


tole (Fig. 14). This implies movement 
of the valve and a small amount of 
blood during ventricular diastole. T: 
occur, the “a” wave of right atrial pres 


_sure must be higher than the pulmo 


nary pressure at that instant. Such has 
been true in those cases where thi: 
movement has been shown (Figle 
and Rudhe!'®). 

Stenosis of the mitral and _ aorti 
valves is not adequately shown by 
venous angiocardiography and som 
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14.—Pulmonary valvular stenosis, right anterior oblique projection. Left, near the 
et of atrial contraction, the pulmonary valve is inverted (arrow); center, during atrial 
tion the valve is elevated (arrow). Right, during ventricular ejection the opening 


in the valve (arrow) and jet are shown. 


15.—Mitral stenosis, right anterior oblique projection. Injection made by catheter in the 

ionary artery. Left during ventricular diastole the atrial base is dome-shaped and points 

ward the apex. The thickened anterior leaflet of the mitral valve is seen (upper arrow) and 

opening in the valve (between arrows). Rigi, during ventricular systole the leaflets are 
thrust upward into the atrium. 
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method of selective opacification of the 
left heart chambers is required, such 
as injection by catheter into the pulmo- 
nary artery (Fig. 15), or by needle 
inserted into the left atrium (Rudhe*® ) 
or left ventricle (Lehman, Musser and 
Lykens*’) (Fig. 16). The value of 
these methods is now being explored, 
for the assessment of combined valvu- 
lar lesions has not been altogether satis- 


seen. It is not ideal to do this with a 
catheter through the valve in question 
in view of possible interference with 
its function. Needle puncture of the 
right ventricle is used for the demon- 
stration of tricuspid _ insufficiency 
(Lehman, Musser and Lykens*°), of 
the left ventricle for mitral insuff- 
ciency (Nordenstrém et al.**, Lehman, 
Musser and Lykens*’, Smith, Gregg and 


Fig. 16.—Congenital aortic stenosis and mitral incompetence. Female 12, lateral projection 

Contrast material injected by needle placed percutaneously in : the left ventricle. Left, at the 

end of injection during left ventricular ejection the stenosed aortic valve is shown (arrow) 

Right, three heart beats later, contrast material is also found in the left atrium, indicating mitral 

incompetence. This is regarded as slight and due to the left ventricular dilatation rather than 
organic valvular disease as it was not suspected clinically. 


factory by clinical methods or left 
heart catheterization. 

The recognition of valvular incom- 
petency is also of pressing importance, 
particularly of the mitral valve. In 
principle, simple venous angiocardiog- 
raphy is unsuited for the direct demon- 
stration of valvular incompetence. 
Selective introduction of the contrast 
material into the chamber distal to the 

valve is necessary for the retrograde 
flow through the valve to be clearly 


Klassen**, and Wilder, Moscovitz and 
Ravitch®®) (Fig. 16), and by thoracic 
aortography for aortic insufficiency 
( Kjellberg et al.**, and Wilder, Mosco- 
on and Ravitch®®). Although incom- 
petence of the normal mitral valve 
was not observed by Wilder®® or 
Nordenstrém** and their associates, 
cineangiocardiographic studies by 
Stauffer and Oppenheimer* have 
clearly shown that the normal mitral 
valve will allow retrograde flow dur- 
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ing bradycardia. Since arrhythmia and 
ineffective contraction are almost con- 
stant features of present-day  injec- 
tions into the left ventricle, evaluation 
of the significance of mitral valve re- 
flux must be made with due regard 
to the heart action at the time of 
filming. 
Conclusion. The utimate goal of 
cardiology is the accurate recognition 
and correction of physiologic abnor- 
Angiocardiography makes a 
contribution to this goal today in rela- 
tively few cases and until recently has 
been devoted primarily to better ap- 


ilitic Ss. 
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preciation of underlying anatomic de- 
formity. But it is possible even with 
simple venous injection and filming 
equipment to show alterations in 
chamber contraction, in the flow of 
blood, and in valve action in certain 
circumstances if some timing device 
such as simultaneous electrocardiog- 
raphy is used. To date we have had 
only glimpses of such alterations in 
heart physiology. In the future with 
more elaborate equipment and appli- 
cation angiocardiography may well be- 
come a widely used method of 
physiologic investigation. 
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SUMMARIO IN INTERLINGUA 


Aspectos De Physiologia Cardiac, Visualisate Per Medios Angiocardiographic 


Le ultime objectivo del cardiologo es le accurate recognition e le subsequent 
correction de anormalitates physiologic del corde. In nostre dies le angiocardio 
graphia contribue al realisation de iste objectivo in un relativemente micre numer 
de casos, e usque recentemente illo esseva primarimente dedicate a un meliorat 
comprension del subjacente deformitates anatomic. Nonobstante, il es possibile 
mesmo per medio de simple injectiones venose e simple apparaturas angiocardio 
graphic, demonstrar alterationes in le contraction del cameras, in le fluxo dé 
sanguine, e in le action valvular sub certe conditiones si le un o le altere dispositiv 
chronometric (como per exemplo per electrocardiographia simultanee) « 


utilisate. Usque nunc nos ha obtenite non plus que vistas furtive de tal altera 
tiones del physiologia cardiac. In le futuro, le uso de raffinate apparatos 
methodos de application promitte facer del angiocardiographia un extensement 
utilisate methodo de investigation physiologic. 
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Earty work with the electrokymo- 
graph (EKY) was in part stimulated 
by the hope that it would prove a 
direct measure of myocardial function. 
With increasing experience with the 


jualitative EKY, it became ap- 
parent that the motion of the left 
ventricle was too complex for a direct 
myocardial contractility to 


As a result, in this country 


soon 


ieasure ol 


be attained 


the EKY has become a very limited 
tool, used for timing cardiac events, 
nd for studying left atrial changes. 


(he present study represents a further 
calibration of the ap- 
aratus and its application to the study 
{ myocardial contractility. 

\ method of calibrating the electro- 
ymograph was first suggested by 
1950°. Basically he accom- 
lished this by simulating the addition 

1 known amount of heart border to 
field. In front of the 
ickup unit he mounted a lead dia- 
hragm which moved into the field, 
known proportion of the 


ehnement in 


lenny in 


e recording 


bscuring 


University of 
and the Veterans Administration Hospital, Syracuse, 


of Medicine, 
York ) 


New York College 


New 


total This calibrated 
motion was added to the baseline of 
the electrokymogram. 

Morgan and Sturm in 1951 de- 
scribed an electrokymograph which 
they felt could be quantitated in 
millimeters of border motion®. With 
this instrument, simulated border was 
added to the recording field by means 
of a sliding unit containing a Legow- 
Forchet Roentgen grid, a Patterson D 
screen and a diffusing lucite block. 
The unit was able to eliminate scatter 
Roentgen-ray and diffuse the resultant 
fluoroscopic light evenly over the ex- 
posed sensitive grid of the photoelectric 
tube, which remained fixed. The entire 
unit could be moved a known distance, 
for example, 5 mm. An improved am- 
plifier circuit was also utilized in this 
electrokymograph. 

The calibration method of Morgan 
and Sturm is theoretically sound. It 
requires, however, that the light sensi- 
tive grid of the RCA-931A_photo- 
multiplier tube be linear over a defini- 
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tive distance. The addition of a known 
amount of border density, to a new 
portion of the light sensitive grid, still 
must result in an equivalent linear 
response. Unless this can be demon- 
strated to be true for each tube, a 
quantitative record is not obtained. 
This system of calibration also re- 
quires that the Roentgen-rays striking 
the fluorescent screen be approximately 
parallel, so that an equivalent image 
is projected before and during calibra- 


an artificial metallic border which can 
be moved a known distance. The 
accuracy of the quantitative electro- 
kymograph can then be gauged by cal- 
culating this already known motion. 
Utilizing the quantitative electrokymo- 
graph as described by Morgan and 
Sturm’, we have been unable to calcu- 
late consistently the motion of the 
artificial border. Certain modifications 
were found essential before we were 
successfully able to obtain accurate 


> 
T 
i) 
if 


TI. a 


Fig. 1—Cutaway view of EKY head. A. Calibrating stops. B. Light sensitive grid in P—931A 


tube (or 1 -P2] ). 


C. Lucite block. D. 2 Schonander grids at 90° angles. E. Patterson D type 


fluoroscopic screen. F. Calibrating knob. G. Sighting arm 


tion. The Roentgen grid is used to 
eliminate scatter radiation from falling 
upon the screen within the recording 
head. The equivalence of the border 
motion complexes before and during 
calibration is dependent in large part 
upon the effectiveness of this grid in 
eliminating the divergent radiation. 
Any method of quantitating the elec- 
trokymograph makes it necessary that 
criteria be set up which define the 
limits for accuracy in calibration of 
each record. We have attempted a sol- 


ution of this problem by constructing 


and reproducible calibration motion 
and comparable border motion com- 
plexes before and during calibration. 
Since the photomultiplier tubes are not 
uniformly linear along the length of 
their grids, the modifications of the 
electrokymograph were directed 
marily toward the development of 

method not requiring such 
It was, therefore, found necessary to 
move simultaneously the entire con- 
tents, including the photoelectric tube 
of the recording head, during the cali- 
bration. The same area of the photo- 


| | 
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multiplier tube is exposed throughout. 
Comparable complexes during all pe- 
riods were not, however, obtained until 
divergent Roentgen-rays were more 
completely excluded by the substitution 
of two layers of Schonander grid, 
crossed exactly at 90 degree angles, in 
the conventional Roentgen 
Although the intensity of the re- 
sultant signal was somewhat dampened, 
ad more 


place ot 


erid, 


accurately calibrated record of 
motion was uniformly obtained. These 
changes have resulted in an electro- 
kymograph, which we believe is re- 
producibly calibrated. 

Material 


and Methods. A cross section of 


the modified recording head is_ illustrated 
1 Fig. 1, positioned before and during cali- 
bration. The grids (D), after eliminating 

utter Roentgen rays, allow polarized beams 


through the aperture in the lead- 
d, light-proof encasement box. Then, the 
Roentgen rays strike the Patterson D-type 

oroscopic screen (I The emitted light 
nters the lucite block (C) which diffuses 


light towards the light sensitive grid of 


he P—931A tube (B). Since the lucite block, 
be ind screen all move as a unit, the 
irea tube 1S always exposed. 
he pickup unit is moved during calibra 
either manually by means of the cali- 
ting knol lig LF) or, if desired, elec - 
lly by means of a solenoid. The move- 
is predetermine d by se tting into posi- 
one of the six calibrated stops (Fig. 1A), 
hich range from 1 mm. through 6 mm. 
rhe amplifying circuits are similar to those 
ribed by Morgan and Sturm®, with essen- 
lly the ime linear characteristics and 


yuency responses 


I 


The elect: »kymographic unit is mounted 


id horizontal tracks on the fluoroscopic 
( the Roentgen-ray table. The border 
tion viewed through a comparable 
rture in the end of a 30 cm. sighting arm 
iG The electrokymographic head is 
lanua moved 30 em. to the area 

ted, and locked into place. 


uracy of the EKY assessed 

the movement of the 

tallic shield as a standard. The distance of 
shield to the fluorescent screen and the 
yunt of were both varied. The 

own border could be calculated 

m the electrokymogram with 10% ‘error. 


ie reproducibility was evaluated by com- 


The a was 


border of a 


motion 


motion 
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paring two tracings done at 20-minute inter- 
vals in 9 normal subjects. The left ventricular 
border motions of 22 young adults, with no 
evidence of cardiovascular disease, were then 
measured and compared with those of 9 
patients with selected cardiovascular disease 
states. The latter group consisted of 2 patients 
with dynamically evident aortic insufficiency, 
one rheumatic, and one syphilitic in origin; 
5 patients with compensated arteriosclerotic 
heart disease, associated with hypertension 
in 2; one patient with myocarditis; and one 
with proven constrictive pericarditis. 

The 
points along the 
mid-left ventricle. 


were obtained from two 

border, the low and the 
Lead II electrocardiogram, 
carotid pulse tracing and photocardiogram 
were recorded simultaneously with the elec- 
trokymogram. The Sanborn Poly-Viso recorder 
at a paper speed of 25 mm./sec. 
to record the 


records 


was used 
four events. The usual carotid 
pulse recorder was modified by placing the 
pressure transducer close to the pickup unit 
to avoid appreciable time lag. The patients 
rested 10 minutes before the test was done. 
Tracings were taken in supine patients at 
full inspiration, as the most easily repro- 
ducible chest position. A decrease in border 
motion usually occurred in the first 5 to 10 
beats. After this early change, the motion 
then became constant, and the tracing could 
breath holding 
for 10 to 20 seconds made. this technique 


be made. The necessity of 


impractical in several dyspneic patients. 

In addition to the above subjects, 6 normal 
and 10 with hyperten- 
sive or arteriosclerotic heart disease, or both, 
in borderline compensation were studied at 


students subjects 


rest and after a standard 30-step exercise, 
or if the latter was not achieved, after the 
point of moderately severe dyspnea was 
reached. Their electrokymograms were 


analyzed for the change in the velocity of 
contraction of the left ventricle provokea by 
mild exercise in the manner to be described 
below. 


Results. Figure 2 shows a typical 
tracing from a normal subject. The 
height of the electrokymogram from its 
peak to its nadir is called the recorded 
border motion. The known calibration 
motion is the distance that the entire 
EKY unit is moved during calibration, 
and corresponds to the number of the 
calibration stop previously set. Two 
millimeters was usually used. The 
recorded calibration motion is the dis- 
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| 
Recorded border motion 20.mm. 
Known calibration motion 2mm. 
Recorded calibration motion 8.4 mm. 
"Absolute" motion 4.8 mm. | 
Fig. 2.—Typical tracing in a normal subject 


QUANTITATIVE EJECTION MOTION, 
NORMAL AND ABNORMAL 
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Fig. 3.—Left ventricular border motion in normal and abnormal subjects. 
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tance of the upward displacement of 
the baseline of the electrokymogram 
during the calibration maneuver. The 
calibration factor is obtained by divid- 


ing the recorded calibration motion by. 


calibration motion. The 
motion of the left ventricle 
recorded border motion divided 
by the calibration factor. 

To obtain velocity, the slope of the 
mid-point of the ejection phase of the 
electrokymogram was extended for 1 
sec. and expressed in millimeters per 
This slope divided by the cali- 
bration factor yields the veloc ity index 
of systole which, as will be discussed 
later, is felt to be a representation of 
the true velocity of 
traction 

Using the artificial border, it was 
found that the error was under 10% if 
the amplitude of the recorded border 


the known 
absolute 
is the 


se cond 


maximum con- 


motion did not change more than | 
mm. before, during, or after calibra- 
tion. Any record obtained that did not 


fulfill these criteria was discarded. 

In Fig. 3, the amplitude of the mo- 
tion of the border of the left ventricle 
is tabulated for both the normal and 
abnormal groups. There was no sig- 
nificant difference between the normal 
males and normal females. The motion 
did not correlate with body surface. 
Grouping the 22 normal male and 
female subjects together, the low left 
ventricular motion ranged from 2.4 to 
5.9 mm. with a mean of 5.0 mm., stand- 
ard deviation of 1.97. Motion along 
the mid-left ventricular border ranged 
from 2.4 to 8.4 with a mean of 4.3 and 
standard deviation of 1.47. There was 
no correlation in the amplitudes of 
the low-left ventricular motion with 
the mid-left ventricular motion. There 
was no significant difference between 
the normal and abnormal groups. 

In Table 1 the maximum variation 
between serial determinations done 20 
minutes apart in 9 subjects at complete 
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rest are shown. The maximum varia- 
tion obtained was 20%. 

Table 2 shows the results of exercise 
on the various cardiac measurements 
in 6 normal subjects. All subjects 
showed a 2- to 3-fold increase in the 
velocity index, and a 1%- to 2%-fold 
increase in amplitude of border motion. 
While these two functions increased 
during exercise in a parallel fashion, 
systolic duration changed minimally, if 
at all. 


TABLE 1 REPRODUCIBILITY OF EKY 
TRACINGS AT REST 
20-Minute Intervals 
Case I Il Ill 
l 2.4 2.0 2.0 
2 5.8 52 
3 4.5 4.8 
6.7 6.9 
4 6.7 6.0 
6 3.0 2.9 3.0 
7 3.2 3.1 
8 6.0 
9g 5.1 1.5 


Table 3 shows the results of exer- 
cise on the cardiac measurements in 
10 subjects with arteriosclerotic or hy- 
pertensive heart disease. These sub- 
jects had all been in frank heart 
failure in the past and were in varying 
degrees of complete compensation at 
the time of the study. Since most of 
these patients were in atrial fibrillation 
with extremely variable ventricular 
rates and rhythm, the ventricular 
rate and systolic duration were not 
felt to be amenable to ready analysis. 
These functions are, therefore, not 
included in Table 3. As shown the 
resting velocity index fell within the 
wide range of normal. In fact, the mean 
resting velocity index was 21 for both 
the normal and abnormal groups. 
However, there was a varying re- 
sponse to exercise in the patients 
with heart disease. In some, the 


> 
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normal expected increase in velocity 
index did not occur. In fact, in several 
patients, the velocity of contraction de- 


creased with exercise. Since no other 


index of the degree of compensation 
was assessed, it can not be stated cate- 
gorically that those patients who did 
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many investigators 


Lewis and Terry’, and Morgan‘), how- 
ever, there is at best only a very general 
similarity between the two curves. The 
reasons for this discrepancy between 
the two measurements has been well 
appreciated by many authors (Akman 


(Boone et 


not show the expected increase in ef al.', Davies and Venning*, Salans, 
velocity were less completely compen- Schack and Katz", and Schwedel 
sated than those who did. It is. Samet and Mednick'”). There are cer- 
however, presumed that the degree of tain nonvolumetric changes due to 
rABLI EFFECT OF EXERCISE ON THE LEFT VENTRICULAR BORDER 
MOTION IN NORMAL SUBJECTS 
Cardi Absolute Borde \ ity 
Sul t Exercise Cucle see Sustol. se \Vlotion mm Index 
Control 1.0 0.28 1.0 9.6 
| min 0.28 2.0 14.0 
5 min 0.55 0.29 2.7 16.8 
Control] 0.72 0.28 
min 0.64 0.24 15.2 
> min 0.64 0.24 1.6 63.0 
Control! 0.88 0.28 
1 min 1.80 0.32 §.2 76.0 
Control 0:72 2.9 22.0 
Ll min 0.76 0.24 6.0 550 
6 min 0.75 ().24 39 § 
Control 0.96 0.30 98 15.0 
Ll min 0.92 0.30 1.6 30.0 
2 min 1.04 0.32 21.0 
3 min 1.10 ).32 5.0 26.0 
5 min 0.96 0.32 3.3 21.6 
6 Control 0.86 0.30 0.4 
| min 0.78 0.26 10.1 83.2 
2 min 0.78 0.26 Ld. 113.2 
1 min 0.80 ().27 104 88.0 
5 min 0.81 0.29 8.4 53.4 
15 min. 0.82 0.30 8.2 17.0 
compensation was reflected in their ventricular contraction superimposed 


response. The mean increase following 
exercise was 20% but it ranged from a 
decrease of 29% to an increase of 100%. 

Discussion. In the early work in 
electrokymography a striking similarity 
was noted between the left ventricular 
border motion, as recorded by the 
electrokymograph, and the volumetric 
curve of the ventricles as determined 
plethysmographically in dogs by 
Wiggers*. As has been pointed out by 


on the border motion, particularly dur- 
ing the isometric contraction, early 
ejection and relaxation 
phases. These motions, such as the 
pendulum motion of the entire heart, 
and rotational motions, will tend to 
be masked by the plethysmograph. The 
electrokymograph, however, records 
these changes, which are extremely 
variable both in extent and duration, 
depending both on the individual and 


isometric 
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the site chosen along the left ventricle 
to record border motion. 
nonvolumetric 


Because these 
are superim- 
posed on actual volumetric contraction 
of the ventricle, the resultant electro- 


motions 


kymogram may show an_ extremely 
variable form both normal and dis- 
eased hearts (Boone, Ellinger and 


Gillich In addition, differences in 
both size and shape of the heart affect 
the amplitude of border motion and 
cannot be adequately assessed at the 
present time. 


rABLI EFFECT OF EXERCISE ON 
THE LEFT VENTRICULAR BORDER 
MOTION IN SUBJECTS WITH HEART 
DISEASI 
Absolute Bord: r Ve locity 
Subject Exercise Motion mm. Index 
Control { 20 
2 min 1.8 15 
2 Control 8.3 34 
2 min 3.6 20 
3 Control 2.0 90 
2 min 3.6 36 
Control 15 
2 min 22 14 
5 Control 3.0 14 
2 min 3.0 15 
6 Control 1.0 23 
2 min 2.0 24 
7 Control 3.8 30 
2 min Ae 26 
Control 2.8 
2 min. 2.9 14.5 
} Control L.5 15.4 
2 min. 2.0 20 
0 Control 1.7 
2 min. 23 10.5 
Although the noncalibrated EKY 


has not proved of great value in the 
issessment of the physiological state 
f the myocardium, it was hoped that 
calibrated machine would extend its 
With a calibrated 
correction is made _ for 
anges in amplitude due to variations 
1 Roentgen ray and gain from person 
) person. Our modification of the basic 
pparatus of Morgan and Sturm® when 


of usefulness. 
hine 


Te 
Inge 


} 
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checked by an artificial border ap- 
peared to be calibrated. Its usefulness 
on a Clinical level was then evaluated. 
It soon became apparent that many of 
the limitations of the noncalibrated 
EKY were still present. Only the ejec- 
tion phase of systole with its well- 
established time limits could be sub- 
jected to quantitative analysis. Measur- 
ing the border motion of 22 normal 
subjects and 9 subjects with heart dis- 
ease, no significant difference would 
be found between the two groups. In 
retrospect, the reason for this is 
apparent. Nonvolumetric positional 
changes, which are not directly related 
to ventricular functions, are recorded 
and late in ejection ( Morgan‘) 
by the EKY whether it be quantitative 
or not. Further, the absolute motion of 
the border of the left ventricle bears 
little relation to function if assessed 
independently of heart size. A large 
heart can have the same stroke volume 
as a small heart with a much smaller 
systolic motion of the ventricular wall. 
However, variations in the functional 
state of the myocardium should be 
measurable in terms of changes in myo- 
cardial “contractility.” The term “con- 
tractility” includes both the extent and 
the rate of myocardial shortening 
(Rushmer’’). Wiggers'® in his work 
on ventricular volume showed that 
while ejection did not occur at a con- 
stant velocity, the mid-portion of ejec- 
tion was free of positional changes, and 
that changes in velocity play a major 
role in altering systolic discharge. With 
the qualitative EKY, it was observed 
that the steeper the slope of the ejec- 
tion phase, the more rapid the cardiac 
action ( Morgan‘). Similarly, Kjellberg 
with a noncalibrated EKY confirmed 
the increased speed of contraction ex- 
pected following epinephrine adminis- 
tration®. We, therefore, used the slope 
of the mid-portion of ejection as an 
index of velocity of contraction and 


early 
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thus presumably of myocardial con- 
tractility. 

The same limitations, due to heart 
size, shape, and muscle arrangement, 
would still hold for the resting velocity. 
Therefore, it is not unexpected that 
the resting velocity of the abnormals 
fall into the wide range of 
normal values. 

When the change in velocity of my- 
ocardial contraction in response to 
exercise is utilized, however, the fac- 
tors discussed above which limit the 
usefulness of the EKY probably tend 
to become less important. The expected 
pronounced increase in the velocity of 
contraction with exercise was found in 
the normal group. 

The response to exercise was 
tinctly different from the normal in 
most subjects in borderline cardiac 
Thus, the 6 normals had 
a mean increase in velocity index of 
162% with a range of 0 270% in- 
crease. The 10 abnormals had a mean 
increase of 20% with a range of 29% 
100% increase. Obviously, 
more cases in both groups are needed, 
but it is suggested that the study of 
the veloc ity of contraction may prove 
a useful measure of not only the degree 
of compensation of the failing heart 
but also of the effect of various drugs 
and exercise on one aspect of myocar- 
dial function. 


resting 


dis- 


compensation. 


75 to 


decrease to 
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Summary. A modification of the 
calibrated electrokymograph designed 
- Morgan and Sturm is described. It 

; believed that accurately calibrated 
tice can be obtained with this in- 
strument. 

A preliminary study of the motion of 
the border of the left ventricle is pre- 
sented. An almost threefold variation 
in amplitude of border motion was 
observed among the normal subjects 
studied. The determinations in patients 
with heart disease fell within the nor- 
mal range. 

Despite calibration, the actual border 
motion of the left little 
meaning until similar quantitation of 
the chamber 
be made in man. 
permits 
“velocity index” 


ventricle has 


size can simultaneously 
The calibration, 
the 


which may 


how- 
introduction of a 
reflect the 
true maximum velocity of the contrac- 
tion of the myocardium. Normal sub- 
jects showed the expected marked in- 
crease in velocity in response to exer- 
true, 
most patients with arteriosclerotic or 
hypertensive heart disease, or both, in 
borderline cardiac compensation. 

Although the results of this prelim- 
inary study are not statistically signifi- 

ant, they suggest that the calibrated 
hisiidiscanapaade may be a means of 
measuring myocardial contractility 
in vivo. 


ever, 


cise. This was not however, in 
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SUMMARIO IN INTERLINGUA 


Le Uso de Un Electrokymographo Quantitative in le Evalutation del 
Contractilitate Myocardial 


Es describite un modification del calibrate electrokymographo de Morgan e 
Sturm. Es asserite que registrationes de calibration accurate pote esser obtenite 
per medio de iste instrumento. 

Un studio pre ‘liminar del motion del margine del ventriculo sinistre es presen- 
tate. Un quasi triple variabilitate del amplitude del motion a margine esseva 
observate inter le subjectos normal qui esseva studiate. Le determinationes 
in patientes con insufficientia cardiac monstrava valores intra le limited del norma. 

In despecto de calibration, le ver motion del margine del ventriculo sinistre 
va remaner sin grande signification usque il deveni possibile facer simultaneemente 
un simile quantitation del dimensiones del camera in humanos. Tamen, le 
calibration permitte le introduction de un “indice de velocitate” que reflecte 
forsan le ver maximo de velocitate del contraction in le myocardio. Subjectos 
normal monstrava le expectate marcate augmento del velocitate in responsa 
i exercitio. Sed isto non valeva in le majoritate del patientes con morbo cardiac 
irteriosclerotic o hypertensive o ambes in compensation cardiac marginal. 

Ben que le re ‘sultatos de iste studio preliminar non es statisticamente significa- 
tive, illos suggere que le ele ctrokymographo calibrate es possibilemente un medio 
pro mesurar le contractilitate myocardial in vivo. 
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THE currently 
diuretic therapy has been greatest in 
the development of oral 
These compounds have different chem- 
ical structures and as a result variable 


expanding field of 


diuretics. 


modes of action; organomercurials, 


carbonic anhydrase inhibitors, acidify- 
ing salts, xanthines and _ pyrimadine 
others. These 
have 


overlapping pharmacodynamic actions, 


derivatives, and com- 


pounds frequently similar and 
as, for example, chlorothiazide, which 
has some properties common to both 
other 
carbonic anhydrase inhibitors ) 


groups ( organomercurials and 
*Present address 


tPresent address Professor of Medicine, 


Salem, 
tRolicton (G. D. Searle & Co. 
§Mictine (G. D. Searle & Co 


( 640 ) 


The compounds of the current report 
are members of the pyrimadine deriva- 
tive group of diuretic agents (amino- 
isometradine{, aminometradine$ and 
a xanthine, aminophylline, which have 
similar 
This 


laboratory observations on renal hemo- 


pharmacodynamic properties. 


report consists of clinical and 
dynamics and the excretion of water 
and various electrolytes following the 
administration of these three drugs. A 
determination of potency, based on 
their ability to increase sodium excre- 
tion was done. These results serve as 
the basis for comparison of these diu 


Professor of Medicine, Hahnemann Medical College, Philadelphia, Pa. 


Bowman Gray School of Medicine, Winston 
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retic agents with each other and with 
other currently available ones. The 
rationale of this approach to the study 
of diuretic agents and results obtained 
in other drugs have been previously 
elaborated (Ford et al.1, Ford, Mover 
ind Spurr?:*:4 and Moyer et al."). 


Methods and Materials. LABORATORY OB- 
SERVATIONS. Three groups of dogs were 
studied. The dogs in Group | received 
iminophylline. The dogs in Group II received 
uninoisometradine ( Rolicton B Dogs in 
Group III received aminometradine (Mictine). 

Group I. There were 15 dogs in Group I 
which received aminophylline intravenously. 
lhe doses employed were 5 mg./kg. in 5 
logs, 10 mg./kg. in 5 dogs, and 15 mg./kg 

5 dogs. These dogs were not hydrated. 
[he animals were taken from their cages on 


he morning of the study, anesthetized with 
1) mg./kg. pentobarbital, and then catheter- 
ed. The ontrol observations consisted of 


three 20-minute urine collection periods. The 
iminophylline was then given intravenously 


ind successive 20-minute urine collection pe- 


riods were obtained over a period of 3 hours 
Handley, Chapman and Moyer). Observa- 
tions were made on urine volume and sodium 
nd potassium excretion. Observations were 
made on glomerular filtration rate follow- 
the administration of aminophylline since 
previous study indicated that there was no 
nificant alteration following the intrave- 
is administration of a dose of 20 mg./kg. 
Group II. There were 24 dogs in Group 
I which received aminoisometradine 
Rolicton). Observations on renal hemody- 
imics were made on 16 dogs, employing 
es of 5 mg./kg. and 20 mg./kg. given 
travenously. Eight dogs were not hydrated 
| were studied in a manner similar to the 
mals in Group I which received aminophyl- 
The dose of aminoisometradine ( Rolic- 
employed in the 8 unhydrated dogs was 
mg./kg. given intravenously. Creatinine 
irance was used to measure glomerular 
ration rate, and para-aminohippurate clear- 
e was used to determine renal plasma 
w. Renal blood flow was calculated from 
renal plasma flow and hematocrit. Simul- 
eous observations were made of water 
| electrolyte excretion. Methods and tech- 
jues for this procedure have been described 
viously (Handley, Sigafoos and La Forge®, 
| Moyer and Handley®). 
Group III. There were 24 dogs in Group 
| which received aminometradine ( Mictine ). 
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Eight of these were unhydrated and were 
studied in a manner similar to that employed 
on the dogs in Group I which received 
aminophylline. The dose of aminometradine 
(Mictine) was 30 mg./kg. given intrave- 
nously. Renal hemodynamic studies were done 
on the 16 hydrated dogs similar to the dogs 
in Group Il which received aminoisometra- 
dine. Eight of these received 5 mg./kg. of 
aminometradine and 8 received 20 mg./kg. 
Simultaneous observations were made on 
water and electrolyte excretion during the 
renal function studies. 

CLINICAL BIOASSAY sTuDIES. The technique 
of this study has been described previously 
(Ford, Spurr and Moyer? ). Briefly, 10 male 
patients with a roughly equivalent degree of 
well controlled congestive heart failure are 
the subjects of the study for each drug. These 
patients are maintained in an air-conditioned 
metabolic ward under the observation of 
trained personnel. With the exception of 
diuretic agents, all medications required for 
control of their heart failure are continued 
throughout the study. The patients are 
allowed to be ambulatory about the metabolic 
ward. The average diet contains approxi- 
mately 300 gm. of carbohydrate, 100 gm. of 
protein, and 100 gm. of fat with a total of 
2800 calories per day. This diet varies some- 
what with the caloric requirements of the 
individual patient. The sodium content of 
each patient’s diet is exactly 50 mEq. per 
24 hours. The patients drink 3000 ml. of 
distilled water every day. They are allowed to 
equilibrate on this diet until each patient 
excretes a constant amount of sodium, which 
approximates 90% (45 mEq./24 hr.) of their 
dietary sodium. The diuretic agent to be 
tested is then administered. Before the ad- 
ministration of the next dose of a diuretic 
agent, several days (4 to 6) are allowed for 
the patient to regain his body weight by the 
restoration of sodium and water stores. 

Each patient is weighed before breakfast, 
and after voiding. Urine is collected in 24- 
hour periods and analyzed for sodium, 
potassium, chloride, volume, and creatinine 
(as a test of the accuracy of the collection). 
Other routine studies include plasma electro- 
lytes, electrocardiograms, and chest roent- 
genograms on each patient. 

A complete electrolyte excretion pattern 
was obtained on patients receiving two of 
the three drugs (aminophylline and aminoiso- 
metradine). Each patient drank 3000 ml. of 
distilled water per day. This was allotted 
fractionally to assure a constant water intake 
throughout the day. Urine was collected under 
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oil in 6 periods per 24 hours (three 2-hour 
periods and three 6-hour The 
specimens were analyzed for sodium, potas- 
sium, chloride, phosphate, titratable acidity 


periods 


ammonia, bicarbonate, total solutes, and 
volume. Aminophylline was administered 
intravenously, 500 mg. over a 30-minute 
period. Aminoisometradine was administered 


orally as a single dose of 800 mg. 
Dosage response relationships were de- 
termined on aminophylline, aminoisometra- 
aminometradine (Mic- 
Observations on these drugs were then 
available diuretic 
Aminophylline (orally administered 
has been previously studied (Ford et al.! 


dine (Rolicton), and 
tine ). 
compared to currently 
agents. 
estimation of less 


and showed a potency 


than 0.5° which did not fullfill ow previously 


established criteria for further study. This 
was especially true since even at the dose 
of 1200 mg./day, the toxicity was 25%. In 
view of the fact that aminoisometradin¢ 


( Rolicton ind aminometradine (Mictine ) 
were similar to aminophylline, yet relatively 
nontoxic a more complete study was done 
( Rolicton ) 


in single doses, starting with a 


on them. Aminoisometradine was 
given orally 
dose of 200 mg. and progressively increased 


(200, 400, 800, 1600, 2400 mg.) until it was 


seen that a dose of 2400 mg. produced 
nausea and vomiting in over 25% of the pa- 
tients without any further augmentation of 


sodium excretion. Since doses of 800 to 1600 


mg. produced optimum sodium 
toxicity, the 
10 patients was limited to these two dosages. 


A minometradin«e 


response 


without excessive bioassav on 
(Mictine) was given orally 
600, 1200 and 


vomiting 


in single dosages of 150, 300 
1800 mg. until 
observed at the 


nausea and 
1800 mg. dose. There was no 


were 


greater excretion of water or sodium at 1800 
mg. than at 1200 mg. The optimum dosage 
response was found between 600 and 1200 


mg., therefore, the bioassay was performed 


at these two dosages. 


Results. LABORATORY OBSERVATIONS. 
Group I. Aminophylline in a dose of 5 
mg./kg. produced a significant increase 
in both sodium and water excretion in 
unhydrated dogs (Table 1). Employ- 
ing a dose of 10 and 15 mg./kg. en- 
the 
5 mg./kg. 


observed at a 


(Table 1). The 


hanced response 


dose of 
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statistical significance was greater at 
the 10 mg./kg. dose due to the marked 
variability of response when the larger 
dose of 15 mg./kg. was employed. 
Group II. When a 5 mg./kg. dose of 
aminoisometradine (Rolicton) was 
given there was no significant effect 
on blood pressure. However, at a dose 
of 20 mg./kg,. there was a slight reduc- 
tion in blood pressure to 93% of the 
0.05 ). 


in blood pressure was only temporary 


control value (P- This decrease 


and returned to control values within 


one hour after drug administration. 
Glomerular filtration rate was _ not 
altered significantly (Table 2) with 


either dose of the drug. However, renal 
blood 


after drug administration but within 2 


flow at first increased slightly 
hours it decreased to below the control 
values. The latter effect on renal blood 
flow is frequently observed following 
prolonged anesthesia and is probably 
unrelated to any response to the 
aminoisometradine. 

The dose of 5 mg./kg. of 


did not appear to 


aminoiso 
metradine ( Rolicton 
affect urine volume or sodium excretion 
significantly in the hydrated dogs on 
which 
done. However, at a dose of 20'mg./kg 


renal function studies were 


there was a significant increase in both 


urine volume and sodium excretion 


(P<0.01), 
from an ml./min. for 
2 mi. 


the group to a maximum of 3.2 
(Table 3B). The increase in so 


increasing urine volume 


average of 1.3 


min. 
dium excretion was similar. There was 
a moderate increase in potassium 
excretion. 

In the 8 unhydrated dogs (Table 4 
there 
(P<0.001) in water excretion as wel 
as in sodium (P<0.01 


was a_ significant increas: 
and potassiun 
(P<0.05) excretion. This response pe! 
sisted throughout the 3-hour period Oo 


*Potency estimation of less than 0.5 indicates that aminophylline orally administered is les 


than one-half as potent as the standard (meralluride or Mercuhydrin ) 


parenterally admini 


tered, that is, potency estimation of meralluride is one. 
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observation following drug adminis- 
tration. 

Group III. In the animals receiving 
aminometradine (Mictine), there was 
a slight but temporary reduction in 
mean blood pressure at the 5 mg./kg. 
dose but no effect at the 20 mg./kg. 
dose. Glomerular filtration rate was not 
altered significantly (Table 5). As in 
the animals in Group II, initially there 
was a slight increase in renal blood 
flow (after 20 mg./kg.) followed by a 
reduction after 2 hours, probably a re- 
sult of the prolonged anesthesia. There 
was a significant increase in water ex- 
cretion (P<0.01) at both 
within one hour after drug administra- 
tion but the effect on sodium excretion 
appeared to be delayed somewhat 
(Table 6). The increase in water ex- 
cretion reached a 
than 300% 
after drug administration employing 
the dose of 20 mg./kg. (Table 6B). 

After administration of 30 mg. of 
aminometradine (Mictine) 
nously to 8 unhydrated dogs (Table 4 
there was a significant increase in so- 
dium and water excretion (P<0.05) 
which occurred within 30 minutes after 


dosages 


maximum of more 


of the control values 2 hours 


drug administration and reached a 
maximum within 2 hours. The differ- 
ence in the diuretic and natriuretic 


effects of the drug on the unhydrated 
dogs and the dogs on which simulta- 
neous renal function studies were done 
is probably due to the differences in 


the state of hydration and urine output’ 


that existed prior to drug administra- 
tion. 

RESULTS OF CLINICAL BIOASSAY. 
results of a previous study 


The 


(Ford et 


al.1) revealed that aminophylline ad- 
ministered orally produced an increase 
in sodium excretion of only 41 mE q. 
per 24 hours at a dose of 1200 mg. and 
this was accomp: anied by gastrointes- 
tinal toxicity in over 25% of the pa- 
Thus, this drug would have a 


tients. 
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calculated potency estimation of less 
than 0.5 (when Mercuhydrin PE}. 


The electrolyte excretion pattern 
(Fig. 1) following administration of 
500 mg. of aminophylline given intra- 
venously emphasizes the acute, short- 
lived action of this compound. The 
maximum effect of aminophylline was 
reached in the first 2-hour period after 
drug administration. Sodium and chlo- 
ride excretion showed roughly equiva- 
lent increases of about nine times 
control level. There was a slight, but 
not significant increase in potassium 
and bicarbonate excretion. Ammonia 
phosphate slightly 
pressed, but quickly returned to control 
level. In the second 2-hour period after 
the administration of aminophylline, 
sodium and chloride had decreased to 
about three times the control 
In the third 2-hour period, or 6 hours 
after drug administration, sodium and 
chloride were near control level where 
they remained for the subsequent three 


and were sup- 


value. 


6- hour pe riods. 
Following the 
aminoisometradine 


administration 
(Rolicton), 800 
mg. as a single oral dose, there was 
an increase in sodium excretion of onl) 
12 mEq./24 hours. Sixteen hundred 
milligrams produced an increase of 62 
mEq. sodium per 24-hour period. The 
electrolyte excretion pattern following 
oral 800 
aminoisometradine (Rolicton) showed 
an equivalent increase in sodium and 
chloride with maximun 
natriuresis and chloruresis 6 to 12 hour 
after drug administration. Potassiun 
excretion did not change significantly 
There moderate 
bicarbonate excretion. Ammonia an 
phosphate excretions were slightly dé 
pressed but quickly returned toward 
control values (Fig. 2). 

An an lysis of variance was pe 
formed on the data concerning amin: 


isometradine comparing it with mera 


administration of mg. of 


excretion, 


was a increase il 
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luride, a standard diuretic. The two 
dosage response curves were parallel, 
and the error in the experimental trials 
was not significant. A calculation of 
potency estimation based on 
was This 
aminoisometradine to be 0.5 times as 


sodium 


excretion done. showed 


potent following oral administration as 
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an increase in sodium excretion of 38 


mEq./24 hours and a dose of 1200 
mg. produced an increase in sodium 


excretion of 89 mEq./24 hours (Table 


7). Since aminoisometradine ( Rolicton ) 
is an isomer of aminometradine ( Mic- 
tine) the electrolyte excretion pattern 


of aminometradine ( Mictine ) was pre- 


Patterns & Excretion Following Administration of 
AM/NOPHYLLINE 500 MEM IV. 


ts 


LCV OEQULV 


ee 
40 
+ 
10 
C246 24 
Jtours 


Fig. 1—The electrolyte excretion pattern followi 
line intravenously, There is a significant incre 
however, is only « 


meralluride following parenteral ad- 
ministration. Or, 1598 mg. of aminoiso- 
metradine (Rolicton) orally 
equivalent in ability to increase sodium 
excretion to 40 mg. Hg (1 ml.) meral- 
luride (Mercuhydrin) intramuscularly 
(Fig. 3). : 

A single oral dose of 600 mg. of 
aminometradine (Mictine) produced 


was 


SFUCO3 
/ rust 


| 
| af 


| 


C246 12 24 
Flours 


ng the administration of 500 mg. of aminophy! 


“ase in sodium and chloride excretion whicl 


short duration 


sumed to be like that just described for 
aminoisometradine ( Rolicton) and wa: 
not observed. 

An analysis of variance comparing, 
aminometradine with the standard 
meralluride, showed that the dosag 
curves for sodium were parallel, an 
the error nonsignificant. With meral 
luride as one, aminometradine (Mic 


| 
400 
S | zoo) 
oo 
| | 
| | 
\ 


Patterns af fxcretion Following Adrurustration of 
AMINOISOMETRADINE 800 ORALLY 


2oor 
+ 
150} | Sor 
100 
30 
50 
9 
+ 
| | 
\ 2 
> | S| 
| i. 
C246 2 24 C240 2 26 
Flours Jhours 
| ) rhe electrolyte excretion patterns following the administration of 800 mg. of amino- 
ietradine as a single oral dose. This response is similar to that of aminophylline given 
intravenously but it is less rapid in onset and of greater duration. 
DOSE RESPONSE CURVES - AMINOMETRADINE, 
AMINOISOMETRADINE, & MERALLURIDE FOR 
DETERMINATION OF COMPARATIVE POTENCY 
\ 
25} 
SS AMINOMETRADINE (MiCTINE } 
AM/NOISOMETRADINE (ROLICTON) 
Dose 
| 
MERALLURIDE (MERCUHY ORIN 
Dose (mgrr ) (Hg) 
‘ Dosage response curves for aminometradine, aminoisometradine, and meralluride 


showing their comparative potency. 


(651) 
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tine) was 0.7 times as potent as meral- 
luride, or 856 mg. of orally administered 
aminometradine (Mictine) produces 
an increase in sodium excretion equiva- 
lent to 40 mg. Hg (1 ml.) meralluride 


(Mercuhydrin) (Fig. 3). 
rABLI EFFECTS OF AMINOISO 


METRADINE AND AMINOMETRADINE 
ON SODIUM EXCRETION 


minoisometradine 


S00 mg 1600 mg 

( D I C D I 
5 103 58 
5 53 8 50 120 70 
50 70 90 5 105 60 
i$ 64 16 50 98 48 
{ 50 7 5 104 59 
50 64 14 19 108 59 
is 50 115 65 
50 56 6 5 106 61 
50 58 S 19 112 70 
15 68 23 188 115 67 
i 60 12 Average 47 109 62 


600 me 1200 mg 

( D | D 

14 90 46 16 161 115 
i$ 102 54 9 I8] 32 
YO 16 13 146 103 
16 66 20 5 120 75 
13 69 26 17 130 83 
17 S6 39 16.166 120 
15 $3 8 {2 86 14 
12 67 25 14 110 «466 
9 #105 6 16 160 114 
10 66 26 10) 


15 83 $8 Average 45 134 SY 


c; Control mEq. sodium excretion/24 hrs 
D Drug, mEq. sodium excretion/24 hrs 
Increase mEq sodium excretion/24 hrs 


Discussion. The aminouracil diuretics 
are derivatives of the pyrimadine uracil 
which is found in nucleic acid. In 
aminometradine ( Mictine ), a methally] 
group has been substituted at the one 
position of uracil and a methyl group 
at the 3 position. Rolicton is the isomer 
of Mictine. Aminophylline, the most 


important of the xanthine diuretics, is 
a purine derivative and is also found 
in nucleic acid. Aminophylline is the 
1,3-methyl derivative of the purine 
base, xanthine (Fig. 4 

Aminophylline has long been known 
ta exert effects of broncho-dilatation. 
coronary dilatation, increased renal 
blood flow and cardiac output. How 
ever, our previous experience with this 
drug in dogs showed no alteration of 
glomerular filtration rate. Likewise 
neither aminoisometradine ( Rolicton 
nor aminometradine ( Mictine) showed 
anv alteration in glomerular filtration 
rate in dogs. 

\minophvlline aminoisometradine 
Rolicton ) and aminometradine ( Mic 
tine) have similar effects on renal 
transport mechanisms for various 
electrolytes. All three caused increased 
excretion of sodium and_ chloride 
slight inhibition of ammonia and phos 
phate excretion without consistent 
changes in potassium and bicarbonate 
excretion. The maximum effects of 
intravenously administered aminophy! 
line occurred acutely within 2 hours 
\minoisometradine Rolicton and 
aminometradine (Mictine), after oral 
administration, exhibited their maxi 
mum effects within 6 to 12 hours 

\minophylline, due to its acute 
short-lived action, following intrave 
nous administration finds its greatest 
use in acute states of cardiac decom 
pensation. It may be useful for enhanc 
ing the action of mercurial diuretics 
Rolicton) 
aminometradine (Mictine) are 


Aminoisometradine 


useful as oral diuretics but are onl 
moderately potent and are indicate 
in the treatment of patients with mil: 
heart failure or for prolonging the p« 
riod between injections of the organ 
mercurials in patients with moderatel 
severe to severe heart failure. 
Aminophylline is less than 0.5 time 
as potent as meralluride (Mercuhy 
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STRUCTURAL FORMULAE OF TWO DIURETIC AGENTS 


| Amuwophylline 
{ Phe structural formulae of aminometradine and aminophylline 
t COMPARATIVE POTENCY OF VARIOUS ORAL AND 
' PARENTERAL DIURETIC AGENTS 
6 reg 
MER RIN N 
AMINOMETRADIN MICTINE | 
ll 
ALON 
80 mgm 
| 
il 
| | THIOMERIN (MERCAPTOMERIN 
80 mgm Hg (2CC 
VMERALLURIOE VUERCUMY ORIN 
il } DIGLUCOMETHOXANE (MERSOBEN 
/Jncrease un Sodium excretion /24 hrs 
lhe comparative potency of various oral and parenteral diuretic agents is graphically 
’ nstrated in terms of the ability to augment sodium excretion at maximum tolerated doses. 
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drin). Aminometradine (Mictine) is 
0.7 times, and  aminoisometradine 
(Rolicton) is 0.5 times as _ potent 
following oral administration as_par- 
enteral meralluride. A table of com- 
parative potency estimations illustrates 
the appropriate rank of these com- 
pounds (Table 8). This is graphically 
demonstrated in terms of the ability 


al Sciences ° 


December, 1957 
dogs, aminophylline, aminoisometra- 
dine (Rolicton) and aminometradine 
(Mictine) all produced a_ significant 
increase in sodium and water excretion. 

In humans, parenteral aminophylline 
and orally administered aminoisometra- 
dine (Rolicton) and aminometradine 
(Mictine) all produced moderately in- 
creased sodium excretion. Orally ad- 


to augment sodium excretion at the ministered aminophylline is less than 
TABLE 8.—COMPARATIVE POTENCY ESTIMATIONS 
Method of 
Type of Diureti Specific Drug {dministration Estimation 
Organomercurial! chlormerodrin (Neohydrin 3.38 
chlormerodrin (Neohydrin () 0.5 
meralluride (Mercuhydrin P 1.0 
thiomerin (Mercaptomerin 4 0.6 
mercumatilin (Cumertilin 0 0.5 
merbiurelidin (Meterox 0 <05 
diglucomethoxane (Mersoben P 1.3 
WY 1204 (Oradon 0.7 
Carbonic acetazoleamide (Diamox 0 0.5 
anhydrase inhibitor ethoxzolamide (Cardrase Oo <0.5 
SKF 4965 (Butamide) O <0.5 
Dirnate O 0.5 
Xanthine aminoisometradine (Rolicton 0 0.5 
aminometradine (Mictine 0 0.7 
Aminophylline <0.5 
Aminophylline P <0.5 
Acidifying salts Ammonium chloride (alone 0 <0.5 
“Chlorothiazide’ chlorothiazide (Diuril O 0.8 
chlorothiazide (Diuril P <0.5 
Method of Administration: P = parenterally (i.v. or i.m Q orally 
Yusing meralluride 


Potency Estimation: Comparative response in sodium excretion 


Mercuhydrin) as “1 


highest clinically acceptable dosages in 
Fig. 5. This also includes similar re- 
sults for other classes of diuretic agents. 

Conclusions. In hydrated 
aminophylline and aminoisometradine 
(Rolicton) given intravenously pro- 
duces a significant increase in sodium 
water 


dogs, 


excretion. Intravenous 
aminometradine (Mictine) caused a 
moderate diuresis in hydrated dogs but 
natriuresis than in the case of 
aminoisometradine. unhydrated 


less 


0.5 times as meralluride 
( Mercuhydrin ) 
ministered. Orally administered amino- 
isometradine (Rolicton) is 0.5 times 
and aminometradine (Mictine) is 0.7 


times as potent as meralluride (par 


potent as 
intramuscularly ad- 


enteral ). 

( Mictine 
and aminoisometradine (Rolicton), in 
that order of potency, add two mort 
orally effective agents for use in the 
treatment of chronic states of edema 


Thus, aminometradine 
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SUMMARIO IN INTERLINGUA 


Observationes Laboratorial e Clinic Relative a Tres Simile Agentes Diuretic: 
\minophyllina, Aminometradina (Mictina), e Aminoisometradina (Rolicton) 


In canes hydratate, le administration intravenose de aminophyllina e 
minoisometradine (Rolicton) produce significative augmentos del excretion de 
natrium e aqua. Le administration intravenose de aminometradina ( Mictina ) 
causa in tal canes moderate grados de diurese, sed le natriurese assi effectuate 
es minus que in le caso de aminoisometradina. In canes non subjicite a hydrata- 
tion, aminophyllina, aminoisometradina (Rolicton), e aminometradina ( Mictina ) 
produceva omnes augmentos significative del excretion de natrium e de aqua. 

In humanos, aminophyllina parenteral e administrationes oral de aminoiso- 
netradina (Rolicton) e de aminometradina (Mictina) produceva omnes 
\ugmentos moderate del excretion de natrium. Le potentia de aminophyllina 

administrationes oral es minus que 0.5 vices le potentia de merallurido 

\Mercuhydrina) in administtationes intramuscular. Le potentia de aminoiso- 
netradina ( Rolicton) in administrationes oral es 0,5 vices e illo de aminometra- 


lina (Mictina) es 0,7 vices le potentia de merallurido (Mercuhydrina) in 
lministrationes parenteral. 


{ssi aminometradina (Mictina) e aminoisometradina (Rolicton), in iste 


rdine secundo lor potentia, representa duo agentes additional. de efficacia post 
] 


ministrationes oral in le tractamento de statos chronic de edema. 
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PAPER ELECTROPHORETIC PARTITION OF SERUM PROTEIN AND 
C-REACTIVE PROTEIN IN PATIENTS WITH BRONCHIECTASIS WITH 
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As part of a study in which an eval- 
uation of the prolonged use of anti- 
biotics in the treatment of bronchiecta- 
sis is being made, different moities have 
been chosen in an attempt to measure 
the response to therapy. The observa 
tions of others (Aaronson et al.', 
Baldwin and Hand*, Berlin, Wallace 
and Meyer*, Bing*, Elster, Braundwald 
and Wood’, Gilliland et al.5, Hedlund", 
Kagan", Kaplan et al.'®, Malmros and 
Blix'®, Roantree and Rantz!’, Selman 
and Halperin®®, and Yocum and 
Doerner**) that the distribution of 
serum proteins is abnormal and _ that 
C-reactive protein circulates in many 
patients with acute and chronic inflam- 
matory pulmonary disease suggested 
that these might serve as useful in- 
dices of some of the systemic manifes- 
tations of the infection in the bronchi 
and lungs. Should return of abnormal 


values toward the normal range occul 
it would indicate mitigation of the 
process. 

It is the purpose of this paper t 
present the results of serial protein 
determinations, their distribution upor 
paper electrophoresis, and serologic ( 
reactive protein values on 29 patient 
with bronchographic evidence 


bronchiectasis. Included in this group 


were 2 patients with hypogamma 


globulinemia. For comparison, data on 


other patients with hypogamm 
globulinemia and recurrent pulmonai 
infections without bronchiectasis a 
reported. 


Material and Methods. Only patients 
whom bronchograms revealed bronchiecta 
were accepted for this study. Most were 1 
considered candidates for surgical resecti 


because of the extent of the disease or t 
refusal to accept the procedure Age, ra 


*This study was generously supported by a grant from the Tuberculosis Institute of Chi 
ind Cook County and the Charles Pfizer Company, Brooklyn, New York 
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ind sex distribution are seen in Table 1. After 
in initial observation period, the patients 
were divided into 4 balanced groups and in 
1 double blind manner were given either 
i placebo, 400,000 units of crystalline peni- 
cillin, 500 mg. of tetracycline, or 500 mg. of a 
combination of penicillin and 
oleandomycin 4 times a dayt. Observation 
periods, thus far, range from one to 8 months 
ind are broken into pretreatment and_post- 
treatment periods. The chemical determina- 


( he mical 


tions reported in this paper were performed 
several times on each patient before assign- 
ment to a treatment group and at monthly 
intervals after the initiation of therapy. Other 
studies which have been made in the pre- 
ind post-treatment periods have included 
multiple pulmonary function tests re- 
peated sputum cultures on a variety of media. 
These results will be the subject of other 


reports 


rABLE 1. 
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laboratory personnel ranging in age from 
23 to 45. 

C-reactive protein determinations “were 
done by the rabbit antiserum precipitin tech- 
nique. Commercial C-reactive protein rabbit 
antiserum and the patient’s serum, 1.5 cm. 
of each, were drawn into a capillary tube 
(external diameter about 1 mm.) and incu- 
bated for 2 hours at 37° C. The degree of 
precipitation was read at approximately 24 
hours following overnight refrigeration at 

Results. The total protein content of 
serum was measured in 29 patients. 
Sixty-eight per cent of the values 
ranged from 7 to 8 gm./100 ml. (Table 
2). Only 2 sera were between 6 and 6.5 
gm./100 ml. and both of these patients 
had hypogammaglobulinemia. 


AGE, SEX, RACE AND ASSOCIATED DISEASES 


IN 29 PATIENTS WITH BRONCHIECTASIS 


ige: Mean 51.6 years, range 18 to 73 years 


Ser: 20 males, 9 females 
Race: 26 white, 3 Negro 
issociated disease: 


Diabetes 


Hepatosplenomegaly and eosinophilia, cause unknown 
Pulmonary tuberculosis, inactive 


Rheumatoid arthritis 
Syringomyelia 


Total proteins were determined by the 
Biuret method with normal range 6 to 8 
gm. per 100 ml. of serum. Electrophoretic 
determinations were done by application of 
0.01 ml. of serum to filter paper wicks that 
were run at 4 ma. for 20 hours on a Spinco 
Model R apparatus. The tests were performed 
in a constant temperature (72° F.) room 
with constant humidity of about 40%. A 
0.075 ionic strength barbiturate solution 
buffered to pH 8.6 was used. The wicks were 
stained in a Bromphenol blue zinc sulfate 
dye for 6 hours; rinsed for 6 minutes twice 
in 5% acetic acid bath; bathed in a fixative 
consisting of 9 gm. sodium acetate (3 H.O) 
made up to one liter with water for 6 
minutes; and then dried at 120 to 130° C. 
for 15 minutes. Following exposure to am- 
monium hydroxide vapors for one minute, 
they were analyzed on a Spinco Analytrol 
Scanner and Integrater. Normal values were 
ybtained initially from individual sera of 7 


No. Patients 
2 
l 
] 


TABLE 2.—DISTRIBUTION OF VALUES 
FOR TOTAL PROTEIN CONTENT OF 
SERUM IN PATIENTS WITH BRONCHI- 
ECTASIS 


Patients 
Protein 

gm./100 ml Number % 
6.0 to 6.5 ° 8 
6.6 to 7.0 3 12 
7.1 to 8.0 17 68 
8.1 to 8.4 3 12 

Totals 25 100 


* Both have hypogammaglobulinemia 


The distribution of the protein frac- 
tions obtained after separation by 
paper electrophoresis are shown in Fig. 
l. The mean normal values and 2 
standard deviations above or below it 


Antibiotics were kindly supplied by Charles Pfizer and Company, Brooklyn, N.Y, 
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| 
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are represented by the shaded area. 
Each determination for the 27 patients 
with bronchiectasis was represented by 
a closed circle and the mean of these 
by the solid line. The concentrations 
measured on sera from the patients 
with bronchiectasis who also had hypo- 


ages of a and y-globulin were some- 
what elevated. However, as is seen in 
Fig. 1, 33% of the individual y-globulin 
and 19% of the a globulin determina- 
tions were higher than the upper limit 
of two standard deviations above the 
normal mean. When the ages of the 


70- 
e Bronchiectasis - 27 patients 
x x Bronchiectasis with hypogammaglobulinemia - 2 patients 
o Recurrent pulmonary infections with 
hypogammaglobulinemia - 2 patients 
ta: * Mean value of controls + 2 s.d 
r Mean value of Bronchiectasis group 
a 
* 
20-4 
x 
xo 


Qa, 


Gio bulin 


Fig. 1.—Results of serum protein fractionation by paper electrophoresis in 27 patients with 
bronchiectasis. 


gammaglobulinemia were indicated in 
the Figure but not included in the cal- 
culation of the mean for the bronchiec- 
tasis group. In Table 3 it may be seen 
that only the mean depression in al- 


bumin was significantly different from 


the normal value by the usually ac- 
cepte d standards. The mean percent- 


5 


patients were considered, the distribu- 
tion of the protein fractions was the 
same among the patie nts over 50 as 
among those under 50 years of age. 
When the electrophoretic patterns on 
the 4 patients with hypogammaglob- 
ulinemia were evaluated separately 
and as a group, little difference was 


] 
B y 
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revealed between those from patients 
with or without bronchiectasis (Table 
1). Most noticeable was the almost 
complete absence of y-globulin. Other 
changes were elevations of the a, and 
a,-globulin percentages in 3 of the 4 
patients. In spite of the lower total 
protein concentrations among the pa- 


PAPER ELECTROPHORETIC 
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made for the different components 
measured. The _ fractions remained 


equivalent in all groups except in the 
group treated with penicillin in which 
there was a significant decrease in the 
a,-globulin proportion. No significant 
changes in the y-globulin fractions 
were found. 


tients, these changes represent absolute 
increases in the total amounts of these 
tractions. 


Analysis of the pre- and post-treat- 
ment C-reactive protein data likewise 
failed to show a statistically significant 


rABLE 38.—DISTRIBUTION OF ELECTROPHORETICALLY SEPARATED SERUM 
PROTEIN FRACTIONS FOR NORMAL AND BRONCHIECTATIC PATIENTS 


Normals Bronchiectasis 


Mean of Mean of 
Total Protein S.D S. E. Total Protein 5. &. S. E. T. Values 
Albumin $8 +48 +1.10 44.1 #§6.5 +1.20 2.28 
a)-globulin 4.7 ... 25 $5 1.4 7 51 
ae-globulin 12.7 2.3 53 is.s 2 8 54 1.97 
8-globulin 16.8 2 6 59 15.5 2.8 54 1.54 
-globulin 19.6 1.9 $4 22.4 6.0 1.10 1.74 
5. D Standard deviation 
5S. E. = Standard error 
rABLE 4.—DISTRIBUTION OF ELECTROPHORETIC SERUM PROTEIN FRACTIONS 
rOTAL PROTEIN) IN PATIENTS WITH HYPOGAMMAGLOBULINEMIA 
Albumin 65° 51% 47% 50% 
e.-globulin 9, 9° 
a-globulin 14°; 21% 
8-globulin 10°; 16°; 18° 15% 
y-globulin 5% 5% 8% 


Bronchiectasis 


+ Recurrent pulmonary infections 


C-reactive proteins which were meas- 
ured serially on sera obtained from 26 
patients are shown in Table 5. In only 
2 patients were the reactions persis- 
tantly negative, while in 2 others the 
eactions were frequently negative. 
\lso of interest was the fact that this 
protein was present in both patients 
vho had bronchiectasis and hypogam- 
naglobulinemia as well as in one of 
2 with recurrent pulmonary 
itections. 

Comparison of mean values of the 
re- and post-treatment periods were 


he 


with no evidence of bronchiectasis 


change toward lower degrees of reac- 
tivity. In the group treated with a 
combination of penicillin and oleando- 
mycin there was a suggestive return 
toward normal, but when submitted 
to chi square analysis this difference 
was not significant. 

Discussion. A depression in the 
serum albumin concentration and an 
elevation in the y-globulin fractions 
have been noted in a variety of pulmo- 
nary diseases, particularly those of a 
chronic nature (Baldwin and Hand?, 
Bing‘, Gilliland et al.8, Kagan, and 
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Malmros and Blix'*). Bronchiectasis is 
such a disease, but even though the 
changes in this study were consistent 
with these reports, they were small 
and generally of little consequence. 


though reciprocal depression in asso- 
ciation with hyperglobulinemia (Bing*) 
and malnutrition (Kagan'*) has been 
suggested as a causative factor. The 
elevation of y-globulin is believed to 


PABLE 5.—SERIAL SERUM C-REACTIVE PROTEIN DETERMINATIONS 
IN PATIENTS WITH BRONCHIECTASIS 


Treatment grou ps Oct Vor Dew Jan Feb Var {p Vay 
Placebo 
6 patients 
l 0 0 0 0 0 ) ) 0 
2 2 2 
>1 >] 
} 2 l ] 
) l ) 2 l 2 l 
6 2 l 
Tetracycline 
6 patients 
| l 2 3/2 l 
2 La 2 l 
} >] >] >] 0 
| >] | 0 l l 0) 
) 0 0 >] 0 l 0 ] 0 
6 0) >1.2 ] ] 0 
Penicillin 
Oleandomycin 
6 patients 
5 0 0 0 
1 4 0 
6 0 0 0 0 0 0 0 0 
Penicillin 
8 patients 
2 2 2 l 
0 0 0 
l l 
>] 0.0 >] l 0 
5 >| 0 2 
6 2.2 2 
6 2 3 3.4 
8 >1,>1 >i l >] 0 


The values preceding the solid line are in the pre-treatment period, 
and those following the solid line are in the post-treatment period. 


The a@s-globulin, which has also been 
reported as elevated in_ infection 
(Baldwin and Hand?, Gilliland et al.8, 
and Malmros and Blix!*), tended to be 
elevated in our patients. Serum albumin 
changes have been unexplained, al- 


represent antibody production by the 
reticuloendothelial system in response 
to infection (Berlin, Wallace and 
Meyer* and Bing‘). Several authors 
(Baldwin and Hand? and Gilliland 


et al.§) have reported success in using 
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the reversion of these changes toward 
normal guides to response to ther- 
apy in pulmonary tuberculosis where 
albumin depression and and y- 
globulin elevations have also been 
noted. We had hoped that similar 
serial analysis would allow an evalua- 
tion of the in patients with 
bronchiectasis who were placed on pro- 
longed antibiotic therapy. The small 
mean changes, however, were not sig- 
nificant individual patients 
who had initial values well beyond the 
normal range were analyzed separately. 


disease 


Therefore, 


Even when this was done there was 
no consistent evidence of improve- 
ment. It is believed that this may have 
been the result of the shortness of the 
observation period and the paucity of 
patients in each group. 

In addition to the measurements 
made by electrophoresis the occurrence 
of an abnormal protein (C-reactive 
in the presence of inflamma- 
tion has been noted in a variety of 
Aaronson et al.', Elster, 
Braundwald and Wood‘, Hedlund", 
Kaplan et al.'°, Roantree and Rantz'® 


Selman and Halperin* 


protein 


conditions 


' and Yocum and 
Doerner? ).. It, too, was investigated 
as of potential worth for serial evalu- 
ation. Its presence in almost all of our 
patients was interpreted as a reflection 
of the activity of the pulmonary dis- 
( In only a few of the patients were 
ie any other factors which could 
have contributed. The degree of posi- 
tivity was uncorrelated with any clini- 
al observations such as sputum vol- 
ume, or character, or bacteria isolated 
trom the sputum. When acute respira- 
supervened, the highest 
ete were obtained. When the pre- 

eatment were compared with the 
ost-treatment values, significant 
hanges were apparent. Again the 
imiting factors may be the short post- 
eatment period and the small groups. 
The occurrence of recurrent pulmo- 


tory disease 
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nary disease and bronchiectasis with 
agammaglobulinemia has been previ- 
ously noted. Good and Mazzitello'® 
reviewed the literature and found that 
among 24 patients with congenital and 
19 with acquired agammaglobulinemia, 
all but 6 had some type of pulmonary 
disease. Four of the congenital group 
and 4 of the acquired group had bron- 
chiectasis. In this study 4 additional 
patients were observed whom we con- 
sidered to have the acquired form. 
Two of these had extensive, bilateral 
bronchiectasis in addition to recurrent 
pulmonary infections. The unusual sus- 
ce ptibility of these patients to infection 
is believed to be associated with in- 
ability of the reticuloendothelial sys- 
tem to form antibodies. In addition to 
the low or absent y-globulin Gitilin, 
Hitzig and Janeway® have recently 
been able to demonstrate multiple se- 
rum protein deficiencies in the form 
of 2 plasma proteins that migrate with 
the £-globulins in agar. Our patients 
all had low y-globulin levels and in 
addition 3 of "4 had elevated a, and 
a»-globulin fractions. The literature 
contains little information about these 
fractions other than occasional com- 
ment that all fractions other than y- 
globulin were normal. Whether these 
changes are relative to the absence of 
y-globulin or are a secondary response 
to infection cannot be definite ly stated. 

The presence of C-reactive protein 
has been noted previously in several 
patients with agammaglobulinemia. 
This observation recently caused 
Roantree, Pezold and Rantz'*® to re- 
evaluate its migrating position by con- 
tinuous flow electrophoresis. Their 
observations that it occurred in the y- 
globulin fraction confirmed those of 
Hedlund!? but were in contrast to those 
of Perlman, Bullowa and Goodkind!* 
who felt that it migrated with the a;- 
globulin. It was interesting that 3 of 
our 4 patients with hypogammaglobu- 


| 
1e 
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linemia had C-reactive protein in their 
sera, one in quite high values. This 
can be interpreted in 2 ways. C-reactive 
protein is not a gamma globulin or that 
even though it migrates with the 
gamma fraction it is still present. In 
the latter case it may be produced 
by different cells than the other gamma 
globulins or its presence indicates that, 
as is usually true, gamma globulin is 
not entirely absent. 

Summary. 1. Various serum protein 
determinations were done in 29 pa- 
tients with bronchiectasis. 

2. Patients with bronchiectasis 
showed significant mean depression in 
albumin and elevations of the mean 
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1956. 
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10. Good, R., and Mazzitello, W.: 
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values for a and y-globulin fractions 
of borderline significance. 

3. C-reactive protein was present in 
the sera at some time in almost all 
of the patients. 

1. Pre- and post-treatment compari- 
son of the electrophoretic patterns and 
C-reactive protein failed to reveal a 
significant change. 

5. Four additional patients with hy- 
pogammaglobulinemia and_ recurrent 
pulmonary disease including 2 with 
bronchiectasis were presented. In ad- 
dition to the almost complete absence 
of y-globulin, 3 patients had elevations 
in a, and ao-globulins and C-reactive 
protein. 
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From the Di 
of Medicine, 


cerebral in- 
farction occurs occasionally in response 
to thrombosis of 


ALTHOUGH hemorrhagic 
cerebral vessels, in 
most instances in humans it has been 
found to result from cerebral embolus; 
thus it demonstrated that 
erebral infarcts resulting from emboli 
ire at least partially hemorrhagic in 
pproximately 65% of (Adams 
ind Vander Eecken'). Since ices is 
considerable clinical data to support 
the w idespread use of long-term anti- 
oagulant therapy to reduce the hazard 
further embolization in patients 
ubject to recurrent embolic phenomena 
Coserif and McDevitt, Wright and 
Luckey®), the effect of anticoagulant 
lrugs on the character of the cerebral 
considerable impor- 
nee. Decision as to the influence of 
ticoagulant agents on the nature of 
rebral infarcts in man, from study of 
thological material alone, is diffi- 
lt due to the great variation in the 
tent of hemorrhagic changes in in- 
cted areas in untreated cases, and 
difficulty in distinguishing 
ntaneous hemorrhage, especially in 
ertensive individuals, from the ef- 
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fects of drugs. Judgment as to possible 
harmful effects of anticoagulant ther- 
apy solely from clinical data is like- 
wise difficult, since deterioration of the 
clinical status of patients so treated 
may result from many other factors 
such as cerebral edema, multiple brain 
lesions, spontaneous cerebral hemor- 
rhage, changing cardiac status, or other 
extracerebral intercurrent disease. 
Wright and McDevitt't reported 3 
instances of apparent bleeding of the 
cerebral lesions in a group of 57 pa- 
tients with thromboembolic brain dis- 
ease treated with anticoagulant drugs; 
however, it was not clear how many of 
these 57 patients had suffered recent 
embolic infarction of the brain. 
Since no well-documented control 
and treated series of cases has been 
reported, there has been some division 
of opinion among clinicians as to the 
safety of anticoagulant drugs in pa- 
tients with ence phalomalacia, ‘especially 
when of recent origin, and especially 
when secondary to embolus. Thus the 
safety of anticoagulant agents in the 
treatment of patients with recent cere- 
bral infarction has been questioned in 
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( 663 ) 


—— 


664 The American Journal of the Medical Sciences * December, 1957 


two recent symposia dealing with the 
problems of cerebrovascular disease 
(Symposium and Wright and Mc- 
Devitt®:!*). On the other hand, Blumgart 
and co-workers? demonstrated no in- 
creased bleeding in myocardial infarcts 
experimentally produced dogs with 
Dicumarol therapy. Reasoning from 
this, and because of data suggesting 
that infarcts in other organs in man are 
not apparently rendered more hemor- 
rhagic by anticoagulation therapy, 
Wright speculated that such treatment 
might not be harmful in hemorrhagic 
cerebral encephalomalacia, although 
he emphasized that further study of 
this problem was necessary ( McDevitt. 
Wright and Luckey’, Wright and 
McDevitt" 

Thus there is no satisfying clinical 
data, and no experimental evidence, 
to allay the fears of the clinician that 
continuation or institution of anticoagu 
lant therapy may increase bleeding in 
a recent area of brain infarction. 
Further, if one grants, on theoretical 
grounds, that such treatment may be 
potentially dangerous, the duration of 
the waiting period after which anti- 
coagulants may be used with relative 
safety has not been clearly defined in 
cases in which such treatment is indi- 
cated for thromboembolic prophylaxis. 

Since these problems are not clearly 
resolved by study of clinical experience 
and reports in humans, for reasons 
already stated, one of the first steps 
would seem to be to determine the 
effects of anticoagulant drugs on ex- 
perimentally produced encephaloma- 
lacia in animals. Recently, Moyes and 
co-workers'® have published the re- 
sults of Dicumarol administration in a 
series of dogs in whom cerebral infarcts 
were produced by the injection of 
plastic vinyl] acetate into the internal 
carotid artery; the brain lesions thus 
induced were significantly more hemor- 


rhagic in anticoagulated animals than 
in a control series. 


Methods. pRopUCTION OF INFARCTS. All 
methods which have thus far been used to 
produce brain infarcts in animals are subject 
to certain objections and limitations We 
elected to use, with slight variation, a method 
of producing cerebral lesions in dogs by th 
injection of homologous clot fragments into 
the carotid artery, operatively exposed in the 
neck; the technique was de scribed in detail 
by Hill, Millikan, Wakim and Sayre’, and 


has the advantages of rreater simplicity, 
higher incidence of infarction, and a rela 
tively lower mortality rate In| comparison 


with methods previously used. Moreover, the 
employment of the animals’ own clot would 
seem subject to less ob yection than the use of 
foreign substances to produce vascular ob 
struction. 

Large healthy mongrel dogs, weighing 14 
to 24 kg., were used in the present study 
Five milliliters of blood were taken 
by venipuncture 45 hours before operation 
ind allowed to stand at-room temperature in 
a sterile test tube. Shortly before surgery, a 
portion of this clot was s« parated into 2 to 
5 mm. fragments in a sterile Petri dish. These 
fragments were washed twice in sterile normal 
saline, and then transferred to a tuberculin 
syringe. Exactly 0.2 ml relatively compact 
fragments was then transferred to a 5 ml 
syringe and re-suspended in 5 ml. of normal 
saline, and allowed to stand for periods of 
less than one hour prior to operation. Each 
animal received .0002 gm. of atropine sulfate 
hypodermically shortly before surgery. Anes 
thesia was induced with 5 to 10 ml. of a 
2% Pentothal sodium solution intravenously 
and continued with drop ether, without in 
tubation; cyanosis and respiratory difficulty 
were rarely encountered. Through a 4 to 6 
cm. paratracheal incision, the common caro 
tid artery and its branches were approached 
and identified. A temporary cotton ligature 
was then placed on the external carotid 
artery. The 0.2 ml. of clot fragments with 
the 5 ml. of isotonic saline solution in whicl 
they were suspended were then slowly in 
jected through a 19 gauge needle into the 
common carotid artery; most of the clot 
fragments could be seen to pass into th 
internal carotid artery, although frequenth 
some of them were seen to pass retrograd 
to disappear or to enter the thyroid artery 
occasionally the course of the fragments coul 
not be visualized. After injection the need! 
was withdrawn from the common caroti 


| 
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irtery, and bleeding from the puncture site 
was readily controlled in 2 to 3 minutes by 
1anual nonocclusive compression at the point 
of puncture. The ligature was then removed 
external carotid artery, following 
vhich this vessel and its branches were always 
tent The subcutaneous tissues skin 
vere then apy roximated with silk sutures 
SELEt ION CASES, CONTROL AND 
seRIES. The outlined 


pe rformed in 50 dogs, and clinical 


procedure 


injury appeared in 36 of these 
nim The first 18 animals showing clinical 
erebral infarction were not anti 
gulated, and served as controls. Since a 
reviou tudy using this method of infarct 
| shown that animals without 
eurological deficit almost invariably had no 
t brain lesion at pathological 
mination (Hill et al.8), and because our 
rst Tew experiments confirmed this fact, 
no clinical signs of brain 
vere not sacrificed and were ex- 
uded fi 1 the study. 

ICUMAROI ADMINISTRATION AND DEGREE 
F ANTICOAGULATION MAINTAINED. In pre- 
inary studies postoperative bleeding oc- 
red in the neck wound so commonly in 
heparin-tre ited subjects that the use of this 
abandoned. Rather, the last 18 


I wing 


neurological deficit were 
single oral dose of bishydroxycoumarin 
in amounts varying from 150 
or approximately 10 mg. per 
rationale for the 

tial large-dose technique of Dicumarol ad- 
has been described in detail by 
Shapiro and Weiner!?. Usually Dicumarol was 


ot body weight. The 


1 


en 24 hours prior to surgery, but in sev- 
ral instances the drug was administered for 
he first time 1 to 4 days after cerebral in- 
rction was produced. The time of Di- 


ICS ind 


ninistration, control prothrombin 
prothrombin times on consecutive 
‘ys after operation are included in Tables 
3, and 5 for each animal. Prothrombin 
© measurements were performed daily by 
Link Shapiro modification of the Quick 
hnique, employing a commercially avail- 
e thromboplastin-calcium solution (Sim- 
tin Phe thromboplastin-calcium solution 
is ke pt in a frozen state between determi- 
| proved to be stable during the 
urse of the measurements, as judged by 
equent control determinations in untreated 
imals. The same aliquot of thromboplastin- 


tions am 


*Although the Link-Shapiro method yields 
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calcium solution was used for pretreatment 


and posttreatment determinations in any given 
animal. 

Pretreatment and control prothrombin 
times were 11 seconds (+ 1 sec.) in all but 
4 of the 18 animals in the treated series. 
Prothrombin determinations are recorded in 
seconds in Tables 1, 3, and 5; however, on 
a prothrombin activity curve (Fig. 6), a 
range of 38 sec. to 20 sec. corresponds to 
the optimal clinical range of 11 to 23% pro- 
thrombin activity, by the method used. 

Prothrombin time exceeded 38 seconds on 
a single day in one animal (Animal 1, Table 
3 and Fig. 3), and exceeded this level on 
more than one day in 6 animals (Animals 
1, 6, and 7, Table 3 and Fig. 3; Animals 3, 
1, and 5, Table 5 and Fig. 5); in the remain- 
ing 11 dogs in the treated series, prothrombin 
times never exceeded 38 seconds. 

RECORDING OF CLINICAL OBSERVATIONS. The 
clinical signs of infarction were unmistakable 
and, when they appeared, were always evi- 
dent within 1 to 2 hours after the operative 
procedure was completed. In the present 
study the animals were classified into 3 groups 
according to the severity of the neurological 
deficit: 

Severe Signs 


ao 


These animals remained 
stuporous 2 to 3 hours or longer after the 
operative procedure, and were never able 
to stand due to marked contralateral hemi- 
paresis; there was marked forced turning of 
the head and eyes towards the side of the 
brain lesion, and varying degrees of restless- 
ness and hyperventilation; they refused ail 
fluids and nourishment. Almost all animals in 
this category died within 24 hours after 
operation. 

Moderate Signs. Animals in this group be- 
came ambulatory within a few hours after 
surgery, but demonstrated persistent circling 
toward the side of the brain lesion, and did 
not spontaneously turn to the opposite side. 
Various degrees of contralateral hemiparesis 
were evident. These animals usually accepted 
fluids and food within 24 to 48 hours. Clinical 
signs persisted for longer than 3 days, al- 
though progressive improvement occurred in 
all animals in the control series. 

Minimal or Transient Signs. These subjects 
showed a similar initial clinical picture but 
were completely free of gross neurological 
deficit by the end of 3 days, sometimes within 
24 hours. 

PATHOLOGICAL sTUDIES. Survivors in both 


results which differ slightly from the Quick 


ethod when either normal or unusually low prothrombin ranges are measured, the two 
ethods give closely approximate values in the range of 10 to 23% (Fisher®). 
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the control and treated series were sacrificed 
at various times, indicated in Tables 3 and 
4, by intravenous injection of 10 ml. of a 
2% Pentothal solution, followed im- 
mediately by 10 ml. of intravenous ether. No 
animal was killed until significant clinical 
improvement had become evident, and in 
most instances neurological deficit had either 


sodium 


was 


not been evident, or had been unchanging, 
for several days prior to sacrifice. Brains were 
and suspended in 10% formalin 
solution for at least week; the neck 
wound, chest and abdominal were 
inspected in all animals who had shown 
clinical evidence of extracerebral bleeding. 
The brains were presented to the neuro- 
pathologist (L.W.L.), who was not informed 
in advance which specimens represented ani- 
mals in the treated series. The brains were 
sectioned into 6 equal coronal slices and de- 
scribed in detail grossly, with special empha- 
sis on the size and extent of infarction and 
the presence or absence of 
Since the 
ot the lesions was considered to be of greatest 


removed 
one 


organs 


hemorrhagic 
manifestations. gross appearance 
importance, microscopic sections were taken 
only in certain cases in which the extent of 
infarction was not clear from gross inspection. 

Color photographs were made of all of the 
coronal sections in each case for study and 
Single 

each 


permanent record. representative 
coronal from animal 
assembled in groups and are all reproduced 
in this report (Figs. 1, 2, 3, 4 and 5), with 
the exception of a single animal (see text 
below). It should be emphasized that each 


sections were 


coronal section in the Figures represents a 
different animal, and in each instance is the 
section demonstrating the maximal extent of 
the infarction in that animal; sections reveal- 
ing the maximal coronal extent of the infarct 
almost invariably show the maximal extent 
of the hemorrhagic portion of the infarct 
as well. 

For descriptive purposes, infarcts measur- 
ing less than 15 diameter 
were classified as small; large lesions were 


mm. in greatest 
arbitrarily defined as those involving more 
than half of one hemisphere, and moderate 
sized infarcts were those measuring between 
these two extremes. Infarcts having no hemor- 
rhagic changes, or only a few scattered 
petechiae, were classified as anemic in type; 
the remaining lesions were categorized as 
moderately or markedly hemorrhagic, and the 
accuracy of these estimations may be judged 
reasonably well by the reader from the 
photographs (Figs. 1, 2, 3, 4 and 5) and 
corresponding Tables. 
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Results. As might be expected, there 
was a rough correlation between the 
of the and the 
severity of clinical signs (see Tables). 
The size of the infarcts produced were 
both and 
Dicumarol-treated animals. In both 
series there was a striking tendency 


size cerebral lesions 


comparable _ in control 


for the larger lesions also to be the 
there 


were noteworthy exceptions. Thus 2 


most hemorrhagic; however, 
animals in the control series (Animals 
l and 4, Fig. 4) and one animal in the 
Fig. 


were, 


anticoagulated series (Animal 7, 


small infarcts, which 


intensely or 


3) had 
however, moderately 
hemorrhagic. 

marked vari- 
extent of 


There was sufficiently 
ability in the 
hemorrhagic changes in the brains of 
both and _ treated 
that it was difficult to judge, with any 
accuracy, from study of pathological 
material alone, whether or not, in any 


severity and 


control animals so 


given case, the animal had _ received 
Dicumarol. However, when the results 
of pathological studies were consid- 
with the clinical 
observations, definite conclusions could 


ered in correlation 
be drawn. 

EARLY AND TREATED 
seERIES. Six deaths occurred in less than 


DEATHS: CONTROI 


24 hours in both the control and treated 


series of animals (Tables 1 and 2; Figs. 
1 and 2). Almost all of these animals 
had severe symptoms after operation, 
and almost all had large infarcts in the 
brain; it thus seems most plausible to 
attribute death the 
the cerebral lesions. Because the degree 
of hemorrhagic change in infarcted 
areas was approximately the same in 
both the treated and untreated groups, 
we regard the evidence as inconclusive 
that Dicumarol influenced the fatal 
outcome in the treated animals in this 
group of early deaths. 

SURVIVORS: CONTROL AND TREATED 
SERIES. Eleven animals in the control 


solely to size of 
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Fig. 1—Representative coronal sections from the brains of the 6 animals surviving cerebral 


infarction for less than 24 hours and treated with Dicumarol. (See text and Table 1.) 


2.—Representative coronal sections from the brains of the 6 animals in the control 
series who survived cerebral infarction for less than 24 hours. (See text and Table 2.) 
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group and 7 animals in the Dicumarol- 
treated series survived and were sacri- 
ficed 4 days to 6 weeks after the brain 
lesions were produced (Tables 3 and 4 
and Figs. 3 and 4). The clinical course 
of all animals in both groups was char- 
acterized by progressive improvement 
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and no animal showed worsening of 
neurological deficit once improvement 
became apparent. 

It can be seen that in the control 
survivors brains the areas of infarction 
were moderately or severely hemor- 
rhagic in 8 of the 11 animals, while 5 
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of the 7 anticoagulated survivors had 
cerebral infarcts which were predomi- 
nantly anemic in type (Figs. 3 and 4). 

lhe fact that there were more sur- 
vivors in the untreated than in the 
treated series is, perhaps, of little sig- 
nificance because of the small numbers 
involved. However, it seems clear from 
study of the 2 groups that hemorrhagic 
infarcts frequently compatible 
with survival and progressive clinical 


IMprove nent m the control series: it 


were 


rABLE 2 
Severity 
Dog Initial Size of 
No.* Symptoms Infarct 
Moderate Moderate 
severe Large 
~evere Large 
Severe Large 
Severe Large 
6 Severe Large 
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was less common to find hemorrhagic 
infarcts in the brains of Dicumarol- 
treated survivors. It should also be 
noted that average or even excessive 
prolongation of prothrombin times did 
not prejudice improvement and _sur- 
vival in the 5 animals with anemic 
brain infarcts (Table 3 and Fig. 3). 
LATE DEATHS: CONTROL AND TREATED 
series. Only one of the 18 animals in 
the control series died more than 24 
hours after operation. This animal had 


CONTROL ANIMALS SURVIVING INFARCTION 


Exte nt of 
He morrhagic 
Changes in Time of 

Infarct Death 

Moderate 


Moderate 


12 to 24 hrs 


12 to 24 hrs 


Marked 12 to 24 hrs 
Marked 12 to 24 hrs. 
Anemi Less than 12 
hrs 
Marked 12 to 24 hrs 


Representative sections of these animals’ brains are de- 
picted in Fig. 2, by corresponding number 


Representative coronal sections from the brains of the 7 animals in the Dicumarol- 


series who survived cerebral infarction. 


These animals were sacrificed at various times 


ifter the production of the cerebral lesions. (See text and Table 3.) 


ater 


670 


extremely clinical signs, and 
death occurred on the third postopera- 
tive day, with no improvement ever 
apparent prior to death; the cerebral 
infarct in this dog’s brain involved al- 
most an entire hemisphere and was in- 


severe 
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tensely hemorrhagic; the brain frag- 
mented sectioned, 
and this is the only animal in the entire 
study not represented photographically 
in this report. It is worth emphasizing 
that animal in the 


excessively when 


no entire control 
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11 days 
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3 


Gy 


1.—Representative coronal sections from the brains of the 11 animals in the control series 

cerebral infarction, being sacrificed at various times indicated in Table 4. Note 

higher proportion of hemorrhagic infarctions in these untreated survivors as compared to 
the survivors in the anticoagulated series. (Compare Fig. 3.) 


5.—Representative coronal sections from the brains of the 5 animals with cerebral infarc- 
and treated with Dicumarol, who died several days after the infarcts were produced; 
imals ] and 4 died several days after infarction, after having shown initial moderate 


marked clinical improvement, and death seemed clearly due to excessive hemorrhagic 
nges in the cerebral lesions in each instance. 


Animal 4, above, died primarily as a result 
of a large neck hematoma. (See text and Table 5.) 
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series ever showed clinical worsening 
after clinical improvement once _ be- 
came apparent. 

By contrast, 4 of the 18 Dicumarol- 
treated animals died more than 24 
hours after surgery, and death seemed 
quite clearly due to the cerebr: il lesion 
in each case (Animals 1, 2, 3, and 5 
Fig. 5 and Table 5). 

All of the 4 anticoagulated animals 
dying as a result of the brain lesions 
had a clinical course characterized by 
moderate to marked clinical improve- 


rABLE 4 
Severity 

Dog Initial Size o 
Symptoms Infarct 

| Minimal Small 

2 Moderate Moderate 
} Minimal Small 

} Minimal Small 

6 Moderate Moderate 
7 Moderat« Small 

8 Moderate Moderate 
9 Moderate Moderate 
10 severe Large 
1] Moderate Moderate 


Representative sections of these 
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occurring approximately 96 hours after 
operation; the maximal prolongation of 
prothrombin time in this case was 30 
seconds (control, 11 sec.), and the 
brain had a markedly hemorrhagic, 
moderately large infarct, with more ex- 
tensive surface hemorrhage than in any 
of the control animals (Fig. 7 and No. 
l, Fig. 5). 

Another subject (Animal 2, Fig. 5) 
also showed definite clinical improve- 
ment and then died 4 days after opera- 
tion, with a maximal prolongation of 


CONTROL ANIMALS SURVIVING INFARCTION 


Extent of 

Hemorrhagi 
Changes in Sa 
Infarct 
Moderate t da 
Marked t da 
(nem t days 
Marked t davs 
Marked > da 
Moderat: > da 
(Anemi 

Anemi > days 
Moderate > days 
Marked + days 
(nemi days 


animals’ brains are depicted in 


Fig. 4, by corresponding numbers 


ment followed by gradual or sudden 
increase in neurological deficit and 
death; such a progression of events 
was never seen in the control series, 
and is, indeed, foreign to established 
clinical concepts of the natural history 
of a single cerebral infarct. One of 
these animals (No. 1, Fig. 5 and Table 
5) had moderate initial signs of brain 
damage, but considerable improvement 
was apparent on the third day, after 
which time there was gradual increase 
in deficit, progressively increasing ob- 
tundation of consciousness, with death 


prothrombin time of 38 seconds (con- 
trol, 12 sec.); the hemorrhagic infarct 
in this animal’s brain was markedly 
firm on palpation in the fixed state, 
due to the large amount of blood 
the infarcted area. 
Animal 3 (Fig. 

moderate initial 
injury, 


5 and Table 5) had 
symptoms of brain 
was strikingly improved in 4 
days, and had no apparent neurological 
deficit on the sixth postoperative day 
when the prothrombin time was exces- 
sively prolonged (61 sec.); on the 


ninth day after infarction was pro- 
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Frothrombin Time, Seconds 


10 20 30 40 50 60 70 80 90 100 
Prothrombin Content - Per cent 


6.—Relationship of the clotting time of the plasma to prothrombin content, calculated 
for control normal of 11 seconds (after Quick!!). 


Large surface hemorrhage overlying a mode rately large cerebral infarct in an animal 
ed with Dicumarol and dying on the fourth day after infarction, after showing improvement 
inical signs of brain damage on the third day. Maximal prolongation of prothrombin time 

30 seconds (control, 11 sec.). A coronal section of this animal’s brain is shown in 


Fig. 5 (No. 1). 


80 
| | 
| 
60 + — | 
50 | | = 
| | 
0 
| | | | | | | 
n 
ct 44> ad 
ly 
in 
i 
he 
ro 


674 The American Journal of the Medical Sciences * December, 1957 


duced, with a similarly elevated pro- 
thrombin time, this animal suddenly 
became comatose and died; a moder- 
ately large cerebral lesion was found 
which was markedly hemorrhagic, and 
palpation of the infarcted area revealed 
it to be firm as in the previous case. 
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Animal 5 (Fig. 5 and Table 5) had 
moderate initial signs of brain injury 
which were markedly improved, but 
still evident, on the 12th day after 
operation, when the prothrombin time 
was prolonged to 42 seconds (control, 
13 sec.), and declining from previous 
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death occurred suddenly 
l4th day after infarction. This 
animal's brain, at pathological exami- 
nation, had a moderate sized, markedly 
hemorrhagic infarct; at the posterior 
this infarct was a frank 
beneath the epe 
lining of the ventricular wall (No. 
Fig. 5 


Discussion. The 


higher levels: 
on the 


extremity of 
hematoma 


results of this study 
that hemorrhagic cerebral in- 
farcts in dogs may be made significantly 
more hemorrhagic by. the administra- 
tion of There is little rea- 
son to believe that hemorrhagic infarcts 
in the human brain should behave dif- 
ferently under the anti- 
although it has been 
difficult to conclusively settle this issue 


indicate 
Dicumarol. 


influence of 
coagulant agents, 
in human cases, for reasons previously 
This vy of hemor- 
brain infarcts to bleed in sub- 
reated with anticoagulant drugs 
is in contrast to the apparent failure 
of these 


rhagic 


mentioned tendency 
rhagic 


jects t 


drugs to increase the hemor- 
tendencies of infarcts in other 
organs 
Since there was approximately the 
same number of anemic infarcts in 
both the control and  Dicumarol- 
treated series of animals (5 and 7, re- 
spectively ), this investigation does not 
lend support to the hypothesis that 
originally anemic infarcts may be ren- 
by tre atment with 
The occurrence of 
hemorrhagic changes in 
brain infarcts is related chiefly to inter- 
nittent occlusion of arterial channels, 
isually due to a migratory embolus; 
the pathological evidence for this has 
een thoroughly studied and outlined 
Adams and co-workers!*. Experi- 
entally, at least, other factors which 
centuate the bleeding in an originally 
morrhagic cerebral  softe ning are 
hypertension (Globus 
al.7), and increased cerebral venous 
ressure (Fazio and Sacchi‘ ) 


dered hemorrh: igic 
inticoagulant drugs. 
ignificant 


rug-induced 
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CEREBRAL INFARCTION 675 
The implications of the present 
study with regard to the treatment of 
human patients with embolic infarction 
of the brain deserve comment. It would 
seem that anticoagulant agents should 
not be employed in the treatment of 
patients who have suffered recent 
cerebral infarction due to embolism. 
The length of time after hemorrhagic 
brain infarction when the use of these 
drugs may be considered safe was not 
thoroughly explored in this investiga- 
tion; as already noted, in one 
instance sudden hemorrhage occurred 
in a 2-week-old hemorrhagic infarct, 
albeit in an animal with an excessively 
prolonged prothrombin time. 

clinical situation occasionally 
arises in which a patient already being 
treated with anticoagulant drugs suffers 
a cerebral embolus. In such an instance 
it would wise to return the 
clotting prothrombin times to 
normal levels as soon as possible. The 
earliest time after cerebral infarction 
that hemorrhagic changes may develop 
has not been determined, but it seems 
probable that they might occur at any 
time during the first few hours. One 
animal in the present study (Animal 
1, Table 1 and Fig. 1) had marked 
hemorrhagic changes in the brain lesion 
7 hours after embolic arterial occlu- 
and most. of the animals in both 
treated and control groups that died 
between 12 and 24 hours after opera- 
tion had markedly hemorrhagic cere- 
bral infarcts. 

Since infarcts resulting from throm- 
bosis of cerebral arteries are usually, 
but not always, of the anemic variety, 
the results of this study would at first 
seem to have few implications relative 
to the use of anticoagulant drugs in 
cases of cerebral thrombosis. As men- 
tioned previously, it seems unlikely 
from our data that originally anemic 
infarcts ever became hemorrhagic as a 
result of Dicumarol administration, al- 


however, 


seem 
and 


sion, 
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though this possibility cannot be com- 
pletely dismissed. However, clinicians 
employing anticoagulant drugs in the 
treatment of cerebral thrombosis should 
recall that there is data revealing that 
the pathological diagnosis of brain em- 
bolism is made much more frequently 
than the clinical diagnosis of this con- 
dition; thus Adams and _ Vander 
EKecken' emphasize that the clinical 
diagnosis of cerebral thrombosis often 
is made erroneously in cases subse- 
quently shown to be due to embolus. 
This difficulty in clinical differentiation 
of thrombosis and embolus apparently 
arises partly from the fact that the 
classical sources for cerebral embolus 
are not always present. It is probable 
that emboli arising from the walls of 
the aorta, carotid arteries, and pulmo- 
nary veins are more common than 
formerly appreciated (Adams and 

Vander Eecken! 

Summary. 1. Cerebral infarction was 
experimentally produced in 36 dogs 
by the injection of homologous clot 
fragments into the carotid artery in 
the neck; 18 of these animals served as 
controls, and 18 were treated with 
Dicumarol. 

2. Grossly hemorrhagic cerebral in- 
farction was frequently compatible 
with survival and progressive clinical 
improvement in the untreated series: 
thus, among 11 untreated animals sur- 


viving infarction, 8 had hemorrhagic 
cerebral infarcts. 

3. A clinical course of progressive 
improvement was fatally reversed, as 
a result of hemorrhagic changes occur- 
ring in and about the cerebral lesions, 
in 4 of 12 animals surviving cerebral 
infarction by more than 24 hours, and 
treated with Dicumarol. In 2 such in- 
stances, death occurred in association 
with prolongation of prothrombin times 
of a degree not unusual in clinical prac 
tice. With greater prolongation of 
prothrombin times, death occurred 
late as the 9th and I4th days after 
infarction in the 2 other cases 

1. Five of 7 


bral infarction and treatment with 


animals surviving cere- 


Dicumarol had brain infarcts which 
were grossly of the anemic variety. 
Conclusion. The results of this study 
indicate that administration of Di- 
cumarol increases the hemorrhagic 
tendencies of experimentally produced 
embolic brain infarcts in dogs. These 
findings are interpreted as providing 
confirmatory evidence for the belief 
of many clinicians that anticoagulant 
drugs are contraindicated after recent 
embolic cerebral infarction humans. 
Caution is suggested in the use of anti- 
coagulant agents in cases diagnosed 


‘clinically as cerebral thrombosis, be- 


cause of difficulties in clinical distine- 
tion between thrombotic and embolic 
infarction of the brain. 
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SUMMARIO IN INTERLINGUA 


Infarcimento Cerebral Experimental: Le Effecto de Dicumarol 


Le resultatos de iste studio indica que le administration de Dicumarol 
igmenta le tendentias hemorrhagic de embolic infarcimentos cerebral experi- 
ientalmente producite in canes. Iste constatation es interpretate como confirma- 
tion del opinion de multe clinicos que drogas anticoagulante es contraindicate 
st recente embolic infarcimentos cerebral in humanos. Es recommendate 
rcumspection in le uso de agentes anticoagulante in casos diagnosticate 
linicamente como casos de thrombosis cerebral a causa del difficultate de distin- 
er clinicamente inter thrombotic e embolic infarcimentos cerebral. 


SUMMARIO IN INTERLINGUA 


See page 656 for original article 


Le Partition, Per Electrophorese A Papiro, De Proteinas Seral E Proteina 
C-Reactive In Patientes Con Bronchiectasis, Con Un Reporto Preliminari In Re 


Le Effecto De Prolongate Therapia Antibiotic 


Varie determinationes de proteina seral esseva effectuate in 29 patientes con 
nchiectasis 
2. Patientes con bronchiectasis monstrava depressiones significative del valores 
lie pro albumina e elevationes inconclusive del valores medie pro le fractiones 
tlobulina alpha-2 e globulina gamma. 

Proteina C-reactive esseva presente in le seros de quasi omne le patiente 
1 te mpore o un altere. 

Le comparation del configuration eFtrophoretic e del proteina C-reactive 
e post le tractamento non revelava ull alteration de grado significative. 

I's presentate le casos de 4 patientefadditional con hypogammaglobulinemia 
currente morko pulmonar, incluse 2 con bronchiectasis. A parte le quasi 
rt plete absentia de globulina gamma, tres de iste patientes lhabeva valores 
ite del globulinas alpha-1 e alpha-2 e de proteina C-reactive. 
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CLOTTING FACTOR ASSAYS ON PLASMA FROM PATIENTS RECEIVING 
INTRAMUSCULAR OF SUBCUTANEOUS HEPARIN® 
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(From the Department of Medicine, University of California Medical Center, Los Angeles, 
California, and the Medical Service, Veterans Administration Hospital, Long Beach, California ) 


THis paper describes the behavior 
of plasma from patients given intra- 
muscula or subcutaneous concen- 
trated aqueous heparin in various 
clotting factor assays. Such information 
is needed when a patient who has re- 
ceived heparin bleeds, and one must 
quickly decide if the heparin, an unre- 
lated coagulation defect, or an unsus- 
pected local lesion is responsible. Con- 
versely, patients with repeated throm- 
boses may be suspected of hyperac- 
tivity of a clotting factor(s). These 
patients often receive heparin continu- 
ously and cannot be evaluated without 
knowing how this alters clotting factor 
aSSays. 

Intravenous heparin prolongs the 
Quick “prothrombin time.” The effect 
of intramuscular or subcutaneous hep- 
arin is not well documented. Yet, many 
physicians rely upon Quick “prothrom- 
bin times” when beginning coumarin 
anticoagulants in patients receiving 
heparin by these routes. Therefore. 
more information is needed on the re- 
liability of the Quick “prothrombin 
time” in such patients. 


Fear of hemorrhage still prompts 
physicians to obtain frequent Lee- 
White clotting times when giving hep- 
arin. An hour may be spent doing a 
single Lee-White test on blood contain- 
ing heparin. Therefore, we hoped to 
find a rapid plasma clotting factor assay 
that would reflect heparin effect 
equally well. 


Materials and Methods. REAGENTs. Plasma 
containing heparin. Blood was taken from 
patients with acute myocardial infarction r 
ceiving 100 mg. of heparin (Heparin sodium 
Upjohn, 100 mg. per ml.) every 8 hours. The 
heparin was given either into the gluteal 
muscles or into the subcutaneous fat abov: 
the posterior iliac crest. Often, a patient wa 
bled 2 to 4 hours after an injection and agair 
just before the next injection. Nine parts o! 
blood were added to 1 part of 2% sodiun 
oxalate solution. Platelet-rich plasma was ob 
tained by centrifuging at about 800 r.p.m 
platelet-poor plasma by centrifuging at 
1000 r.p.m 

Saline extract brain thromboplastin. 
saline-buffer suspension of human brain wa 
prepared by Owren’s technique® and _storé 
liquid frozen in small aliquots at —20° C. 

Crude “cephalin” suspension. An acetot 
insoluble, ether extract of human brain w 
made as previously described (Rapapor 


°These studies were supported in part by a grant from the Los Angeles County Heart Asso¢ 
ation and in part by grant #2453 from the National Heart Institute, United States Publ 


Health Service. 
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\as and Owren!!). Small aliquots of a 2.2 
m. % lipid suspension in buffer were stored 
t 20° C., and diluted 1/50 in buffer 
before 

Russell's viper venom “cephalin” reagent. 
Burroughs-Wellcome Company, 
Inc.) was dissolved in dilute “cephalin™ sus- 
ension as described elsewhere ( Hjort, 
Rapaport and Owren*) and _ stored liquid 
frozen in small aliquots at 20° C. Activity 
iminished slightly over several weeks, fol- 
wing which the frozen preparation — re- 

ined stable 


stypven 


\dsorbed ox plasma. Oxalated ox plasma 
idsorbed first by Seitz filtration and then 
mixing with barium sulfate as described 
iously Hjort, Rapaport and Owren* ). 


plasma, free of prothrombin and_pro- 
vertin but containing large amounts of 
iccelerin and fibrinogen, was stored at 
ee | in aliquots suitable for one day's 
Proaccelerin deficient human plasma. Oxy- 
was bubbled through approximately 250 


of oxalated human plasma until its pH 
to 8.2 units. The plasma was then incu 

ed at 37° C. under oxygen for about 36 
I Following this, carbon dioxide was 
bbled through the plasma to correct its 
Ht to about 7.0 units. This plasma contained 
juate prothrombin, proconvertin and 
nogen but only traces of proaccelerin 
vity. It was stored in small aliquots at 


vine thrombin. A stock thrombin solu- 
containing 100 units per ml. in 50% 
rol, was made from Parke Davis Topical 
Thrombin. One vial’s contents were 
ved in 5 ml. of oxalated saline (1 part 
dium oxalate and 5 parts isotonic saline ) 
idsorbed with 100 mg. of barium sulfate 
0 minutes at 37° C. The barium sulfate 

1oved by centrifugation and 20 ml. of 
25 ml. of glycerol were 
1 to the supernatent. This preparation 


followed by 


ed its potency stored in a glass bottle 
C. for many weeks. 

1/10 dilution of this stock solution in 
was consistentJy found to clot normal 
in 20 to 25 seconds. The dilution was 
with “silicone” technique to prevent 
tion of thrombin onto glass. The diluted 
in was stable for 20 minutes in a 
coated tube at 37° C. 

iting fluid | Rapaport, Aas and Owren!? ) 

lium diethyl barbiturate (veronal) buffer 
rt, Aas and Owren!!) were prepared 
yusly de ribed. 


\ 


METHOns. Lee-White clotting time. Blood 
was drawn into an untreated syringe. A stop- 
watch was started when blood first ap- 
peared in the syringe. One milliliter of blood 
was placed in each of three 10 by 75 mm. 
glass tubes, that were then placed in a 37° C. 
constant-temperature block. Tube 1 was tilted 
each minute until its contents could be in- 
verted without spilling. Then, Tube 2 was 
tilted in the same manner, and, after it 
clotted, Tube 3. In 12 control subjects the 
longest clotting time found in Tube 1 was 
16 minutes, in Tube 3, 16 minutes. 

Partial thromboplastin time. In this test, 
devised by Langdell, Wagner and Brinkhous', 
a reagent supplying the equivalent of platelet 
thromboplastic activity is added to plasma 
that is then recalcified. We added 0.2 ml. 
of crude “cephalin” suspension diluted 1/50 
in buffer to 0.2 ml. of the patient’s plasma, 
and, after 3 minutes incubation at 37° C., 
0.2 ml. of 30 mM, calcium chloride. Normal 
plasma clotted in 50 to 90 seconds. 

Quick “prothrombin time.” To 0.2 ml. of 
the patient’s plasma were added, 0.2 ml. of 
human brain thromboplastin, and, after 3 
minutes, 0.2 ml. of 20 mM calcium chloride. 
The thromboplastin used in these studies 
clotted normal plasma in 13.5 seconds. 

Prothrombin-Proconvertin (P. and P.) test. 
This test, described by Owren and Aas!®, 
differs from the Quick test in that the patient's 
plasma is diluted, and adsorbed ox plasma 
is added to supply an optimal amount of 
proaccelerin and fibrinogen. Thus, to 0.2 ml. 
of the patient’s plasma diluted 1/10 in dilut- 
ing fluid, were added 0.2 ml. of adsorbed ox 
plasma and 0.2 ml. of human brain thrombo- 
plastin. After 3 minutes at 37° C., 0.2 ml. of 
20 mM calcium chloride was added and the 
clotting time noted. The thromboplastin used 
in these studies gave a 33 second time with 
normal plasma. 

Venom-“cephalin” prothrombin assay. This 
test, in which Russell's viper venom in 
“cephalin” suspension replaces brain thrombo- 
plastin, has been described in detail else- 
where ( Hjort, Rapaport and Owren*). To 
0.2 ml. of the patient's plasma diluted 1/40 in 
diluting fluid, were added 0.2 ml. of venom- 
“cephalin” reagent, and 0.2 ml. of adsorbed 
ox plasma. After 3 minutes at 37° C., 0.2 ml. 
of 37.5 mM calcium chloride was added and 
the clotting time noted. Normal plasma 
clotted in about 28 seconds. 

Plasma thrombin time. A dilute thrombin 
solution was prepared as described above just 
prior to use. Small tubes containing 0.4 ml. 
samples of platelet-rich and of platelet-poor 
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plasma were placed at 37° C. together with 
the tube containing the dilute thrombin solu- 
tion. After 3 minutes, 0.2 ml. of thrombin 
was added to the plasma and the clotting time 
noted 


Results and Discussion. 1. LEE-WHITE 
CLOTTIN( Many  Lee-White 
values accumulated as a by-product 
of this study. Their review brought out 
the following points: 

a. A lag is expected between the first 
intramuscular or subcutaneous injection 
and the rapeutic prolongation of the 
Lee-White time. To prevent this, 50 
mg. of intravenous heparin are recom- 
mended with the first intramuscular 
dose. However, we found that the lag 
period could extend beyond the second 
intramuscular or subcutaneous injec- 
tion. Thus, as Table 1 shows, if a third 


TABLE 1.—CLOTTING TIMES AFTER THE 
SECOND HEPARIN INJECTION 


Third Tube ¢ lotting Times (min 


tube time of 25 minutes is arbitrarily 


considered a minimum therapeutic ef- 
fect, 9 of 18 patients studied 2 to 4 
hours after their second injection had 
yet to achieve it. Since impaired circu- 
lation following a myocardial infarc- 
tion could delay absorption, these re- 
sults may not apply to other types of 
patients. Nevertheless, if any patient 
is seriously threatened by thrombo- 
embolism, it would seem wise to check 
for heparin effect after the second in- 
tramuscular or subcutaneous injection, 
and, if unsatisfactory, to give more 
heparin intravenously. 

Ten patients were followed through 
the second day of heparin therapy. 
Therapeutic prolongation of the Lee- 
White time was found in each on the 
second day. Thus, although somewhat 
slower than expected, a dosage schedule 
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of 100 mg. every 8 hours did _ result 
in effective heparinization. 

b. Lee-White clotting times were ob 
tained on the third or fourth days of 
heparin, or both, in 5 patients receiving 
intramuscular and 6 patients receiving 
subcutaneous injections. Usually, the 
Lee-White times were longer on thes« 
days than on the second day. More 
over, in 4 of 6 patients on subcutaneous 
heparin, the times were longer than 
necessary. For example, a 152-pound 
man with congestive failure exhibited 
third tube clotting times just before the 
afternoon heparin injection of 20 min 
utes on the first, 38 minutes on the 
second, and more than 60 minutes on 
the third day of therapy. 

In 11 patients, clotting times wer 
obtained after stopping heparin. As th 
examples in Table 2 illustrate, som¢ 


TABLE 2.—CLOTTING TIMES AFTER 
STOPPING HEPARIN 


Days ful 
on at 

Pt Hey Ki He) 
R.B 10 5 
( 10 80 
13 80 
17 23 
7 10 25 
1S 26 
17 12 
R.¢ 10 16 


heparin effect persisted from about 11 
to over 17 hours after the last injectior 
This should be remembered when wi 
dertaking such procedures as lumbat 
puncture, sympathetic block or thor 
centesis shortly after discontinui 
heparin. These data imply that if he 
arin is required for more than 3 or 4 
days, that is, beyond the time requil 

for prothrombin depression by c 

marin anticoagulant, a maintenance 
dosage of 100 mg. every hovwrs 
should suffice. 
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2. THE INSENSITIVITY OF THE PARTIAL 
rO HEPARINEMIA. 


thromboplastin 


PHROMBOPLASTIN TIMI 
In the 


test 


partial time 


“cephalin,” a reagent with platelet 
thromboplastic factor-like activity, is 


idded to the patient s plasma. ‘This 


makes the clotting time dependent 
only upon the plasma clotting factors. 
he test is more sensitive than the Lee- 
White clotting time in detecting “mild” 
Our experience is that 
plasma will clot in 50 to 90 
econds, plasma from a severe hemo- 
philiac in 150 to 1,000 seconds, 
plasma from a “mild” hemophiliac, who 

normal Lee-White clotting 
100 to 150 seconds. 

In contrast, the partial 
plastin time proved less sensitive than 


he mophili l 


norm i 
and 


May have 
time, m 


thrombo- 


the Lee-White time in detecting hep- 
Blood containing enough 
heparin to double the Lee-White time 

always exhibited a normal par- 
i thromboplastin time. When Lee- 


White times were prolonged 3- or 4- 
| 


ilmost 


ld, the partial thromboplastin time 
netimes exceeded 100 seconds. but. 
lable 3 illustrates, often remained 
norm il 
rABLI FAILURE OF THE PARTIAL 


THROMBOPLASTIN TIME TO REFLECT 
HEPARINEMIA 


f ] Part 
Th ombopl Time 
j n norm. 50-90 sec 
L,.4 AL 52 
55 
IM 65 
74 
10 52 
60 72 


neutralize 
parin’s antithrombin properties 
Volf'® and Rapaport and Ames!*), 

prevent he parins interference with 
thrombin ( Rapaport 
Since both of these ac- 
ol heparin occur at therapeutic 


Cephalin” can neither 


conversion 
Ames 


Rapaport and Ames: 


CLOTTING FACTORS ON PLASMA 6S] 


(MacMillan and Brown’ and 
Douglas”), the reason why the partial 
thromboplastin time is insensitive to 
heparin is unknown. 

3. THE UNPREDICTABILITY OF THE 
QUICK “PROTHROMBIN TIME AFTER IN- 
TRAMUSCULAR OR SUBCUTANEOUS HEP- 
anIN. Either the Quick or the 
Prothrombin-Proconvertin (P. and P.) 
test can be used to guide coumarin 
anticoagulant therapy. One of the lat- 
ter method’s advantages is that dilution 
of the patient's plasma eliminates error 


levels 


due to a circulating anticoagulant such 
as heparin. 


The Quick “prothrombin time” 
lengthens after intravenous heparin and 
even has been used to follow such 


therapy (Olwin’). Despite this, we 
were not certain how the plasma levels 
obtained after intramuscular or sub- 
cutaneous injection would affect the 
test. Therefore, Quick and P. and P. 
test results were compared in 11 pa- 
tients, 4. of also 
coumarin anticoagulant. 

As expected, we found that heparin 
did not influence the P. and P. test. 
In contrast, fluctuating Quick “pro- 
thrombin 


whom received a 


times’ were observed in 7 
patients. The data from 4 are sum- 
marized in Table 4. The first 2 patients 
received only heparin, the last 2, as 
the drop in P. and P. values suggests, 
a coumarin anticoagulant as well. 

These data illustrate the unpredicta- 
bility of the Quick test. Thus, H.L. 
had “prothrombin” values of 15% and 
64%, two and a half and eight hours 
respectively, after an injection of hep- 
arin, despite a Lee-White time of more 
than 60 minutes on both occasions. In 
the last 2 patients, values obtained 8 
hours after an injection, that is, just 
prior to the next injection, were still 
much too low. 

The Quick test remained accurate in 
4 studies despite long Lee-White times. 
The reason is unknown but possibly 
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related to brain thromboplastin’s anti- 
heparin properties (Brambel, Corwin 
and Capone! ). Our thromboplastin was 
made in a single batch and _ stored 
liquid frozen in small aliquots. Al- 
though thromboplastic potency did not 
vary from vial to vial, it is conceivable 
that antiheparin activity did. In any 
event, until more is known, the Quick 
test using human brain thromboplastin 
must be considered unreliable for reg- 
ulating coumarin anticoagulant therapy 
in patients receiving intramuscular or 
subcutaneous heparin. 


TABLE 4.—QUICK AND P. AND P 


Hrs. since 
Pt Days on Hep last inj 

] 
2 

2 

H.L 0 0 
l 2) 

2 2) 

J.M 0 0 
2! 

2 13 

E.H 8 2 
R 

19 


4. THE PROTHROMBIN ASSAY WITH 
VENOM- CEPHALIN. IN  HEPARINEMIA. 
This test uses Russell’s viper venom 
dissolved in a “cephalin” suspension in 
place of brain thromboplastin. It was 
originally thought to be specific for 
prothrombin but may also reflect varia- 
tion in Stuart factor (Hougie*). It 
must not be used to regulate coumarin 
anticoagulant therapy for it is uninflu- 
enced by proconvertin. However, this 
insensitivity to proconvertin enhances 
its value for prothrombin consumption 
studies, and it has replaced the P. and 
P. test for this purpose in our 
laboratory. 


When the technique was first de 
scribed ( Hort, Rapaport and Owren* ), 
it was shown that adding 100 mcg. of 
heparin to each ml. of anticoagulant 
(as is done in the Ware-Stragnell modi- 
fication’ of the P. and P. test) pro- 
longed the clotting time. This occurred 
despite the initial 1/40 dilution of the 
patient’s plasma that is made in the 
test. Therefore, it seemed possible that 
therapeutic heparin levels might alter 
the test. However, as the data on 3 
patients listed in Table 5 illustrate, this 
did not happen. The venom-“cephalin” 


TEST RESULTS AFTER HEPARIN 


Clot. time 


rd tube Quick test and P. 
min 
16 90 100 
> 60 70 100 
70 37 100 
39 51 100 
10 60 86 
37 47 94 
45 +4 92 
60 1S QS 
60 64 86 
15 74 87 
34 60 75 
23 $5 70 
50 14 45 
36 10 30 
38 10 
28 10 
Is 47 42 


TABLE 5.—RESULTS OF THE VENOM 
“CEPHALIN” PROTHROMBIN ASSAY ON 
PLASMA CONTAINING HEPARIN 


Clot. Time Ven “Ceph 
ord tube Proth. Time 
Pt min (Y, 

10 +100 
> 30 +100 
E.W 13 67 
39 71 
29 73 
H.G 100 
35 100 


assay was uninfluenced by intramuscu 
lar or subcutaneous heparin injection 
and may be used with confidence when 
patients receive heparin by thes« 
routes. 
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3. A ONE-STAGE PROACCELERIN ASSAY 
OF PLASMA CONTAINING HEPARIN. Pro- 
iccelerin (plasma Ac. globulin) activ- 
ity diminishes rapidly when heparin is 
idded to plasma in vitro (Lewis and 
Ware® and Brambel, Corwin and 
Capone This led Brambel and his 
co-workers! to postulate that proac- 
celerin inactivation plays a key role 
in heparin’s anticoagulant action. How- 
ever, when proaccelerin was measured 
in plasma from patients on heparin, no 
inactivation could be demonstrated. 
Table 6 shows the stability of proac- 
celerin values despite varying Lee- 
White clotting times. 


TABLE 6.—RESULTS OF A PRO- 
ACCELERIN ASSAY ON PLASMA 
CONTAINING HEPARIN 


{ Tin é 

l fube Proace Level 
Pt min 4) 
\.K 28 100 
10 100 
H.G 19 100 
35 100 
G.1 21 55 
60 62 
$2 100 


(his does not necessarily mean that 
eparin exerts its therapeutic effect 
dependently of proaccelerin inactiva- 
ym. The 1/20 initial dilution made in 
r assay could mask inactivation 
esent in undiluted plasma. However, 
so, dilution readily reactivates pro- 
celerin 
hese data clearly demonstrate that 
results of a proaccelerin assay em- 
ving diluted plasma are valid in 
tients receiving therapeutic amounts 
he parin. Moreover, we have recently 
nd our assay accurate on dogs’ 
id rendered completely incoagulable 
heparin. 
'HE THROMBIN TIME OF PLASMA 
NTAINING HEPARIN. Heparin, a po- 


tent antithrombin, markedly altered 
plasma thrombin time tests. Dilute 
thrombin that would clot normal 
plasma in 20 to 25 seconds, failed to 
clot plasma from blood with a third 
tube Lee-White time over 30 minutes. 
When the Lee-White time was less 
than 25 minutes, platelet-rich and 
platelet-poor plasma often behaved 
differently. As Table 7 shows, the 
former usually clotted readily whereas 
the latter did not. 


TABLE 7.—THE THROMBIN TIME OF 

PLATELET-RICH AND PLATELET-POOR 

PLASMA CONTAINING SMALL AMOUNTS 
OF HEPARIN 


Clot. Time Thrombin Time (sec. 


tube 

Pt. min Plat.-rich Plat.-poor 
E.W 14 37 no clot 
EL. 19 35 no clot 
_& 22 37 no clot 


This difference reflects platelet's 
known ability to neutralize heparin 
(Van Creveld and Paulssen'*). Pre- 
sumably this neutralization involves 
binding of heparin to platelets. If so, 
this bond must break during centrif- 
ugation. Otherwise a heparin-platelet 
complex would sediment and _platelet- 
rich and platelet-poor samples would 
behave alike. 

Table 8 summarizes the results of 
50 thrombin time tests on platelet-poor 
and platelet-rich plasma and _ relates 
them to the Lee-White clotting time. 
These data illustrate that the thrombin 
time of platelet-poor plasma is a sensi- 
tive test for heparin. Note that this 
test sometimes detected trace heparin- 
emia insufficient to prolong the Lee- 
White time. Although 5 of 10 platelet- 
poor thrombin times were still below 
50 seconds when the Lee-White time 
was between 17 and 20 minutes, all 
26 determinations were grossly ab- 
normal on plasma from blood with a 
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Lee-White time longer than 20 min- 
utes. Therefore, we have adopted the 
thrombin time of platelet-poor plasma 
as a screening test for heparinemia. 
Thre thrombin time of platelet-rich 
plasma, less sensitive to small amounts 
of heparin, proved a better indicator 
of therapeutic prolongation of the Lee- 
White time. Thus, clotting failed to 
occur in 18 of 21 determinations when 


the Lee-White time was more than 25 


minutes, but in only 3 of 30 determina- 
tions when the Lee-White time was 


less than 25 minutes. 


whose settings for platelet-rich and 
platelet-poor samples have been pre- 
determined. Stability of the dilute 
thrombin can be insured by making the 
dilution in silicone treated glassware 
and by using the dilute material with- 
in 20 minutes. If these simple pre- 
cautions are observed the test should 
prove reliable for routine clinical use. 
Summary and Conclusions. Concen- 
trated aqueous heparin given intra 
muscularly or subcutaneously in a dos- 
age of 100 mg. every § hours affected 
various clotting assays as follows: 


TABLE 8.—RELATION OF LEE-WHITE TIME TO THROMBIN TIMI 
OF PLATELET-RICH AND PLATELET-POOR PLASMA 


Thrombin time sec. norn 
Clot. time Platelet rich 804 Plat 
rd tube 

min < 50 W-300 no clot 0 WS no 
17-20 7 2 ) 
20—24 l 0 | 
25-30 2 10 lv 
80 0 0 0 


* The numbers in these columns are the number of determinations that fell 


within the indicated clotting ranges 


These data indicate that a properly 
standardized plasma thrombin time test 
can replace the Lee-White clotting 
time in following heparin therapy. If 
the purpose is to rule out residual 
heparinemia, platelet poor plasma 
should be used, if to check for a thera- 
peutically effective heparin level, 
platelet-rich plasma. The advantage 
of the test is its great saving of time. 
Instead of being tied to the bedside 
for many minutes as in a Lee-White 
test, a technician may take blood from 
several patients, return to the labora- 
tory and complete the tests in rapid 
succession. 

The potential sources of error are 
in preparing the plasma samples and 
the dilute thrombin. The former can 
be eliminated by using a centrifuge 


1. Lee-White clotting times were 
prolonged to therapeutic levels in 
every patient. However, the time re 
quired to reach a_ therapeutic level 
often extended beyond the second in 
jection. Elevated Lee-White times oc- 
casionally persisted for more than 17 
hours after heparin was stopped. 

2. The partial thromboplastin time 
proved a poor indicator of heparinemia. 
Even when Lee-White times were pro 
longed 3- or 4-fold, normal or only 
slightly prolonged partial thromboplas 
tin times were obtained. Therefore, a 
long partial thromboplastin time in a 
patient receiving heparin should sug 
gest the possibilities of either extrem« 
overdosage or the existence of a sec 
ond coagulation defect. 


9 


3. The Quick “prothrombin time 
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test using human brain thromboplastin When the Lee-White time was less 


} 


fluctuates unpredictably. Tests on than 25 minutes, platelet-rich plasma 
blood taken just before the next in- often clotted readily whereas platelet- 


ection were sometimes in error. There- poor plasma did not. This difference 
tore, the Quick test should not be used can be explained by assuming that a 


regulate coumarin anticoagulant heparin-platelet complex breaks when 


th rapy in patients also receiving intra- platelets are sedimented by centrifu- 


muscular or subcutaneous heparin. gation. 
{ Phe Prothrombin-Proconvertin The thrombin time of platelet-poor 
P. and P.) test, the specific prothrom- plasma proved a sensitive indicator of, 


bin assay with Russell's viper venom and is recommended as a simple screen- 


cephalin” suspension, and a one- ing test for, heparinemia. The throm- 


ige proaccelerin assay were all unin- bin time of platelet-rich plasma could 
fluenced by the heparin levels result- be related to therapeutic prolongation 
¢ from this route of administration. of the Lee-White time. Our data sug- 


These tests give valid results in such gests that a properly standardized 


tients plasma thrombin time can replace the 

». The plasma thrombin time was Lee-White time in following heparin 

irkedly altered by heparinemia. therapy. 
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SUMMARIO IN INTERLINGUA 


iyage De Factor Coagulatori In Plasma Ab Patientes Recipiente Heparina 
Per Via Intramuscular O Subcutanee 


.dministration intramuscular O subcutanee de concentrate heparina aquose 


ses de 100 mg omne 8 horas afficeva varie essayos de coagulation in le 
ente maniera: 


Le tempores de coagulation secundo Lee-White esseva prolongate a valores 
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therapeutic in omne casos. Tamen, le intervallo ante is attingimento del valores 
therapeutic durava frequentemente usque ultra le secunde injection. Prolongate 
tempores de Lee-White persisteva in certe casos durante plus que 17 horas post 
le ultime uso de heparina. 

2. Le tempore de thromboplastina partial se provava pauco efficace como 

indicator de heparinemia. Mesmo in casos in que le tempores de Lee-White 
esseva triplicate o quadruplicate, le tempores de thromboplastina partial se 
monstrava normal o non plus que levemente prolongate. Per consequente, 
prolongation del tempore de thromboplastina partial in un patiente tractate con 
heparina deberea suggerer le possibilitate de un extreme excesso de dosage o del 
existentia de un secunde defecto coagulatori. 
3. Le test del “tempore prothrombinic” secundo Quick con le uso de thrombo 
plastina ab le cerebro human monstrava fluctuationes sin ulle predictibilitate 
Tests facite con specimens de sanguine que habeva essite obtenite immediate 
mente ante le proxime injection produceva a vices resultatos erronee. Ergo, | 
test de Quick non deberea usar se pro regular therapias anticoagulante a 
coumarina in patientes qui etiam recipe heparina intramuscular o subcutanee. 

4. Le test a prothrombina-proconvertina (cognoscite como P e P), le essayvo 
de prothrombina specific con veneno viperin de Russell in un suspension de 
“cephalina,” e un essayo de proaccelerina a phase unic, omne istos non esseva 
influentiate per le nivellos de heparina que resulta ab le via de administration 
usate. Iste tests produce resultatos valide in tal patientes. 

5. Le tempore de thrombina del plasma esseva marcatemente alterate pei 
heparinemia. Quando le tempore de Lee-White esseva minus que 25 minutas 
il occurreva frequentemente que plasma ric in plachettas se coagulava prest 
mente, durante que le contrario valeva pro plasma povre in plachettas. Ist 
differentia pote esser explicate per supponer que un complexo de heparina « 
plachettas es disrumpite quando le plachettas es sedimentate per centrifugation 

Le tempore de thrombina in plasma a basse contento de plachettas se prova\ 
un sensibile indicator de heparinemia. Iste test es recommendate como simpl 


manovra de “detection” pro heparinemia. Le tempore de thrombina in plasma 
ric in plachettas poteva esser correlationate al prolongation therapeutic del 


tempore de Lee-White. Nostre datos suggere que un appropriatemente standa1 
disate tempore de thrombina de plasma pote prender le placia del tempore di 
Lee-White in le observation del curso de therapia a heparina. 
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THE DEFINITIVE DIAGNOSIS OF EFFUSIVE OR 
CONSTRICTIVE PERICARDITIS*® 


By Louis A. SoLtorr, M.D. 
PROFESSOR OF CLINICAL MEDICINE AND HEAD OF THE DIVISION OF CARDIOLOGY, 
TEMPLE UNIVERSITY MEDICAL SCHOOL AND HOSPITAL 


AND 


Jacos ZATUCHNI, M.D. 
ASSISTANT PROFESSOR OF MEDICINE, 
fEMPLE UNIVERSITY MEDICAL SCHOOL AND HOSPITAL 


] 


From Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania ) 


EFFUSIVE or constrictive pericardial 
dise ase may be extreme ‘ly difficult or 
impossible to diagnose by conventional 
means in the absence of characteris- 
tic calcification which itself is not 
pathognomonic of constriction ( Harvey 
et al.*). This is because the peri- 
ardium cannot be isolated from the 
cardiac silhouette by conventional 
roentgenologic methods and also be- 
ause all of the cardiovascular de- 
rangements produced by pericardi: il 
lisease, including hemodynamic find- 
ngs uncovered by the technique of 
ardiac catheterization, may be mim- 
ked by primary myocardi: al or endo- 
irdial disturbances produced by a 


iety of diseases. For this reason, we 
ined first to angioc: ardiogri aphy and 


iter to intravenous carbon dioxide, 


llowing its introduction by Durant 
al. and proof of its safety in the 

Angiocardiography is informative 
1 is capable of uncovering pericar- 
il effusion, (which had_ previously 
en reported by Williams and Stein- 
rg and also constrictive pericar- 
tis. This type of study permits a 


simple differentiation of the two. 
Equally important, it allows for analy- 
sis of the relative contributions of 
myocardial and pericardial factors in 
the production of cardiac disability. 
Pericardial effusion and_ constrictive 
pericarditis may also be recognized by 
carbon dioxide contrast study which 
is simpler to do although it is not al- 
ways as effective in identifying with 
certainty either the presence or nature 
of extraluminal change nor, of course, 
does it tell anything of the functional 
nature of the disturbance. Various as- 
pects of this subject have been pre- 
viously reported elsewhere and were 
alluded to by Durant et al.*. 

Our purpose is to summarize the 
diagnostic features of chronic pericar- 
dial disease as revealed by angiocar- 
diography, a technique which also un- 
covers associated myocardial disease 
or dysfunction. 


Case Reports. case 1. E.L., a 46-year-old 
woman, was admitted to Temple University 
Hospital on May 28, 1956, because of in- 
creasing dyspnea, fatigue, intermittent fever 
and weight loss of 8 years’ duration. During 
this time, she was studied at various hospitals 
and was found to have progressive enlarge- 


Supported in part by a grant from the Heart Association of Southeastern Pennsylvania. 
his paper formed part of lectures delivered before the American College of Chest Phy sicians, 
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ment of the heart and on two occasions, 4 
and 2 years ago positive blood cultures 
Active rheumatic fever, bacterial endocar 
ditis and thyroid disease were mentioned to 
her as possibilities but no definitive diagnosis 
was ever mad 

Examination revealed a thin, slightly built 
woman who had a low grade fever. The 


thyroid 


gland was not palpabl The jugular 
veins were distended. The apex impuls« 
tapping in character, was in the sixth inter 
costal space at the left anterior axillary line 
P2 was split, iccentuated and louder than 
A2. A blowing diastolic murmur of moderate 
intensity was audible along the left upper 


parasternal region and a_ blowing systolic 


murmur of grade 2 intensity was heard along 
the left lower parasternal region and at the 


apex. The rhythm was regular at a rate of 


60 per minute The lungs were clear The 
liver was enlarged and slightly tender. Ther 
Was no edema Radioactive iodine uptake 


was normal. Blood cultures were steril 

Electrocardiogram showed complete heart 
block and diminished amplitud of the ORS 
complexes 

Chest roentgenograms revealed normal 
findings in 1948 and progressive enlargement 
of the cardiac silhouette since that time. The 
present roentgenograms were interpreted as 
showing “tremendous enlargement of the 
cardiac silhouette evidently involving all 
chambers on the basis of mixed valvular heart 
disease The report continued, “The possi 
bility of pericardial effusion contributing to 
the tremendous enlargement of the cardiac 
silhouette should be considered though no 
signin int change In configuration 1S noted 
between a film made with the patient lving 
supine and a film made with the patient 
erect. 

The nature of the underlying disorder was 
equally puzzling to the clinicians. Angiocar 
diography was done on June 20, 1956 

Extensive density, due to fluid, was found 
surrounding the heart and great vessels. The 
vreatest amount of fluid was present on each 
side of the heart. particularly the right. A 
smaller amount was found inferior to th 
heart and the least amount directly anterior 
and posterior to the heart 

Phe superior vena cava was widened and 
slightly displaced to the right. There was 
reflux opacification of the inferior vena cava 


which was also dilated and wider than the 


superior vena cava. The inferior vena cava 
was directed rightward and slightly posterior 
from its position at the level of the diaphragm. 


The right atrium was also displaced to the 


right. Its inferior one-third was mors posterior 


than usual. The right atrium ippe red small 


in the anterior projection and large in_ the 


lateral projection, parti ularly inferiorly. The 


tricuspid valve region also appe ired nat 


| wicl nie d 


rowed on the anterior projection an 
on the lateral projection. The right ventricle 
was compressed from side to side ind from 
front to back but w 


varied in size during the cardiac cycle. The 


otherwise normal. It 


pulmonary vasculatur pp ired within the 
limits of normal other than superior displace 
ment of the pulmonary irtery particularly 
its left branch. The left atrium was enlarged 
to 263 ml The left ventricle was also en 
larged. During diastole. the left atrium and 


left ventricle were homogeneously opacified 


Representative ingiocardiograms displayin 
these findings are shown in Fig. ] 

The duration of opacification of the su 
perior vena cava was 7.0 seconds, of the 
right heart 8.4 seconds, of the pulmonary 
artery 9.1 seconds and of the left atrium 
13.3. seconds Phe tracardiac circulation 


time, that is, the time from the initial ap 
pearance of contrast bstance in the rigl 


atrium to that in the iscending aorta, was 


7.7 seconds Normally, the intracardiac cit 
culation time is 6.3 seconds and is not ey 


ceeded by the duratio1 ot opacii ition oft 


either the right heart or pulmonary artery o1 


left atrium which a1 pproximately « jual 
On the basis of these findings t pericar 
dial aspiration was ind several liters of 


serosanguineous fluid obtained Subsequently 
pericardiocenteses wer lone repe itedly wit! 
the remo\ il ot more i lid ind consequent 
symptomati relief. Corticoid therapy was be 
gun and the patient w lischarged 


She continued to feel well until corticoi 


dosage had to be reduced for economical 


reasons Symptoms re ppeared and she wa 


re-admitted to University Hospital 


on April 5, 1957 


An angiocardiogram was done ind once 


more pericardial efhu mn was demonstrated 
Its amount was much less than before. Th« 
underlying cardiac structure and flow throug] 
il, as revealed by angio« idiography wel 
identical to that pre iously noted Explora 


torv thoracotomy for inspection of the heart 
biopsy of the pericardium and _ possibly opt 
drainage were suggested but permission W 
not obtained. She was discharged iWwain Ol 
corticoid therapy. 


Angiocardiography clearly define 
the nature of this problem. . 

The angiocardiographic diagnosis o 
pericardial effusion depends upon th 


| 
| 
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demonstration of homogeneous density 
surrounding the opacified heart. In the 
ibsence of a cardio-pericardiac fistula, 
contrast substance does not leave the 

irdiac chambers to enter the peri- 

irdial sac. Hence, the intrapericardial 
density, although opaque, is in marked 


contrast to the opacified heart. It is 
adjacent to all of the heart borders but 
is thickest on each side, particularly 
the right, to a lesser extent inferiorly 
and to the least degree directly an- 
teriorly and posteriorly to the heart. 
The angle formed by the outer border 


Case 1, E.L. (Pericardial Effusion). Simultaneous anterior (upper) and left lateral 
mgiocardiograms at 2.8 seconds (left) and 9.8 seconds (right) after appearance of 
ty in the superior vena cava. On the left, the superior vena cava, right atrium and 
le, and pulmonary artery and branches, are opacified. On the right, the pulmonary 
left atrium and ventricle and aorta are opacified. The opacified heart is surrounded by 
rm density. Note the slight rightward displacement of the superior vena cava and 
trium. and the superior displacement of the pulmonary artery, particularly its left branch. 
ninal density adjacent to the left lateral border of the pulmonary artery is increased. 
rlying mitral stenosis is reflected in the enlargement of the left atrium. The left ventricle 
] ] { 


orward. There is reflux opacification of the inferior vena cava. Both vena 


cavae are dilated. 
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the pericardial density and the dia- 
ete is acute (Levene and Kauf- 
man’). These characteristics are im- 
portant to exclude lesions like neo- 
plasm, cyst or abscess, which may also 
produce density extrinsic to the opaci- 
fied heart (Robb®). Such density is 
characteristically asymmetrical or_ ir- 
regular in shape. If pericardial effu- 
sion is produced by an_ underlying 
neoplasm, localized change in density 
may occur, 

The heart itself remains predomi- 
nantly undeformed by the effusion and, 
in the absence of restriction by peri- 
cardial thickening, shows variation in 
size during the cardiac cycle. Its 
position also undergoes no material 
change, as was pointed out by Connor" 
in 1925, other than occasional but slight 
rightward displacement of the superior 
vena cava and right atrium. 

The opacified cardiovascular struc- 
tures may also reveal findings which 
occur secondary to the pericardial ef- 
fusion. Thus, for example, the vena 
cavae are dilated and the dilatation of 
the inferior one is greater. The time of 
opacification of the superior vena cava 
is prolonged. The inferior vena cava 
is refluxly opacified by contrast sub- 
stance from the right atrium, a finding 
which is unusual in normal individuals 
and rather frequent in those with in- 
creased right atrial pressure or tricus- 
pid regurgitation. There was no other 
evidence to support the latter possibil- 
ity, except for possible widening of the 
tricuspid region on the lateral pro- 
jection. 

The right ventricle, although com- 
pressed, maintains its general shape 
and varies, at least to some degree, 
during the cardiac cycle. The pulmo- 
nary artery and its branches, particu- 
larly the left, are displaced superiorly 
by the underlying effusion which also 
increases adjacent extraluminal density. 
The pulmonary veins may be promine nt 


and the left atrium enlarged if there 
is interference with left ventricular fill- 
ing. The left ventricle is displaced for- 
ward by the pericardial effusion. The 
forward displacement of the left ven- 
tricle and the relatively little fluid 
anterior to it may explain the presence, 
in a considerable proportion of cases, of 
a diffuse wavy cardiac impulse over 
the body of the heart and the not in- 
frequent recognition of a distinct apex 
beat (Connor'). In the absence of left 
ventricular restriction, the left ven 
tricle is not enlarged and shows varia 
tion in size during the cardiac cycle. 
At times, opacity may disappear ‘dur- 
ing systole. which suggests _ little 
residual blood. 

Such findings permit easy recogni 
tion of the presence of pericé ardial effu 
sion and its effects. Additional findings 
should incite suspicion of associated 
disease. 

The occasional finding of almost 
normal intracardiac circulation times 
with massive pericardial effusion and 
the absence of change in times after 
removal of pericardial fluid suggest 
that increased intrapericardial pres 
sure, sufficient to cause obvious disten 
tion of the jugular veins has a limited 
influence on the speed of flow of blood 
through the heart as revealed by angio 
cardiography. Characteristic: ally, peri 
cardial effusion is associated with 
normal intracardiac circulation 
and slightly prolonged duration of 
opacific: ition of the superior vena cav: 
or right heart. Prolonged hebenesieilitac 
circulation time suggests myocardial 
dysfunction, most probably related t 
underlying intrinsic myocardial diseas: 
Angiocardiography, which permits 
study of the size, shape and conte: 
of the cardiac chambers and great ve: 
sels and the flow of contrast substan 
through them, makes it possible fr 
quently to pinpoint the nature of th 
gross myocardial fault. Thus, in th 
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case just described, the angiocardio- 
graphic findings were characteristic of 
rheumatic heart disease with mitral 
stenosis ( Soloft et al.!!) surrounded by 
massive pericardial effusion. 

lf one is interested simply in prov- 
ing the anatomic presence of pericar- 
dial effusion, 100% carbon dioxide may 
be injected intravenously with the pa- 
tient in the left lateral decubitus posi- 
tion and the Roentgen-ray beam 
horizontal. Such a demonstration, for 
instance, was shown through the cour- 
tesy of Dr. Linton Turner who con- 
sulted us about a_ patient with 
myxedema heart. One of us, with Kern, 
Bello and Snape®, had previously re- 
ported on the frequency of pericardial 
effusion in this syndrome. Dr. Turner 
consented to the procedure and the 
illustrations have been reported else- 
where (Paul et al.*). 

The distance between the outer 
borders of the gas bubble and cardiac 
houette is increased. In this type of 
study, the demonstration in pericardial 


| 


effusion of an increase in extraluminal 
thickness depends upon the presence 
ot a suthcient amount of pericardial 
fluid remaining adjacent to the right 
itrial border with the patient in the 
left lateral decubitus position. Obvi- 
sly, pericardial and myocardial thick- 
ning, as well as localized extraperi- 
irdial densities, must be excluded. It 
also important to recognize that the 
uperior vena cava, as well as the right 
trium, may be illuminated by carbon 
ioxide and that these two contrast 
hadows may fuse to produce an illu- 
on of a greatly enlarged right atrium. 
he simplicity, availability, usefulness 
id harmlessness of this type of study 
iggest its routine use to attempt to 
tablish a diagnosis of pericardial ef- 
$10n. 
\ngiocardiography and carbon diox- 
e contrast study may specifically 
ignose constrictive pericarditis. 


CASE 2. F.]., a 27-year-old colored man, was 
admitted to Temple University Hospital on 
December 1, 1956, because of dyspnea and 
ankle edema, appearing 6 years after the 
occurrence of hemoptysis and a right sero- 
sanguineous pleural effusion for which no 
cause was uncovered. Later, urine cultures 
were found to contain tubercle bacilli. During 
his present hospitalization, he had ankle 
edema, distention of the jugular veins and 
a right pleural effusion. 

Electrocardiogram showed notched P 
waves, diminished amplitude of the QRS 
comple xes and inverted T waves. 

Chest roentgenogram showed enlargement 
of the cardiac silhouette, extensive pericardial 
calcification and a right pleural effusion. 

Following intensive medical therapy, in- 
cluding digitalis and mercurial diuretics, car- 
diac catheterization disclosed findings charac- 
teristic of constrictive pericarditis. 

Angiocardiography showed that the 
pericardial calcification was adjacent to the 
superior vena cava, right atrium, right 
ventricle and left ventricle. The superior vena 
cava was fixed in a dilated position. It did 
not vary in size from film to film. The inferior 
vena cava, refluxly opacified by contrast sub- 
stance from the right atrium, was also dilated 
and larger than the superior vena cava. The 
lateral border of the right atrium was not 
convex. Rather, it was straight with a slight 
tendency to convexity inwards. The extra- 
luminal density adjacent to the lateral border 
of the right atrium was 5 mm. thick. The 
right atrium was enlarged. The left lateral 
border of the right ventricular outflow tract 
was straight rather than convex inwards and 
did not vary from film to film. The pulmo- 
nary artery was enlarged and its branches 
were almost at the same level. The pulmonary 
veins were prominent. The left atrium was 
enlarged to 345 ml Adjacent to the left 
ventricular cavity, extraluminal density wag 
at least 2 cm. thick. Selected angiocardio- 
grams are shown in Fig. 2. 

The angiocardiographic circulation times 
were all greatly prolonged. The intracardiac 
circulation time was 10.5 seconds. The dura- 
tion of opacification of the superior vena 
cava was 10.5 seconds, of the right heart at 
least 14.0 seconds, of the pulmonary artery 
at least 12.6 seconds and of the left atrium 
at least 9.8 seconds. 

Carbon dioxide contrast study was also 
done and the roentgenogram has been pub- 
lished elsewhere (Paul et al.8). 

Pericardiectomy was done on December 12, 
1956. Dense plaques of calcium were found 
over both ventricles. The right atrial wall, 
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Phi 


HO2 


although grossly free of calcium, was thick 
ened and fused with the adjacent peri« ardium 
both 


t small 


The pericardium over ventricles was 
area on the left 


infiltrated 


removed except tor 


ventricle where a calcific plaque 
the mvocardium 
Postoperatively, he did well until the fifth 


day when he deve loped a mediastinal abscess, 


pneumonia and heart failure. Following in- 
tensification of cardiac therapy, mediastinal 
drainage antibiotics, — he gradually 


recovered 
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of the superior vena cava, becomes 
straight and does not vary in contow 
during the cardiac cycle. Similar re 
striction may occasionally be seen af 
fecting the superior vena cava or right 
ventricle, particularly in the region of 
the tract. The left ventricle 
may also be similarly affected but over- 


outflow 


lapping density frequently obscures it. 


The effect of such restriction is 


seen 


Fig. 2. 


(right 


Case 2, F.]. (Constrictive 


Both vena Cavae are dilated and the superior vena Cava Is rigid 
adjacent to the anterior border of the superior vena cava, right atrium and ventricle. 
left atrium and ventrick The rig 
Rather, it is relatively straight with a tendency to slight convexity 
It did not change in succeeding films. — 


region of the 
right atrium is not convex. 
inwards 


tion is also seen in the 


The right atrium is enlarged, particularly inferiorly. 


tract of the right ventricle 


Angiocardiography and carbon di- 
oxide contrast study permitted specific 
recognition of constrictive pericarditis. 
The pathognomonic finding is a rigid 
right atrial border which has lost its 
normal outward convexity. This feature 
of constrictive pericarditis has been 
independently described by Figley and 
Bagshaw*. No longer is there a con- 
tinuous outward curve from the supe- 
rior vena cava to the right atrium. 
Rather, the entire lateral border of the 
right atrium, beginning at the entrance 


Pericarditis ). 


Simultaneous anterior (left) and left lateral 


angiocardiograms at 3.5 seconds after appearance of opacity in the superior vena cava 


Calcification is present 
Calcifica 
ht lateral bordet ot the 


Adjacent extraluminal density is 5 mm. thick 


The left lateral border of the outflow 


is straight and did not vary 


in the dilated vena cava, pulmonary 
vessels and left atrium. The right atrium 
is also enlarged and its enlargement 
is most prominent inferiorly where it 
spreads posteriorly to receive the 
widened inferior vena cava. 

The intracardiac circulation time is 
variable and depends upon associated 
myocardial dysfunction. In the case de 
scribed above, the intracardiac circu 
lation time was greatly prolonged, even 
following intensive cardiac therapy. In 
other instances, the intracardiac circu 


ti 


Solott and Zatuchni: DIAGNOSIS OF EFFUSIVE OR CONSTRICTIVE PERICARDITIS 692 


lation time shortens following such 
therapy or may be short even without 
the rapy 


CASE 3, L.B., a 44-year-old colored man 
was admitted to Temple University Hospital 
December 7, 1956, because of substernal 
istre ind slight dyspnea upon climbing a 
ladder Examination revealed we'll 
muscular male. The jugular veins 
ere not distended There was systolic ce 


pressi in the mid-precordial region followed 


tolic rebound. The apex impulse 


was difficult to visualize because of over- 
lapping density. Both atria showed adjacent 
pericardial calcification. The lateral border 
of the right atrium was straight, rigid and 
calcified (Fig. 3). Adjacent extraluminal den- 
sity was variable. In some films, none was 
seen. In others, it was at most 5 mm. thick. 
Vhe duration of opacification of the superior 
vena cava was 7.0 seconds, of the right heart 
6.3 seconds, of the pulmonary artery 6.3 sec- 
onds and of the left atrium 15.4 seconds. 
The intracardiac circulation time was 6.3 


onds 


I Case 3, LB Constrictive Pericarditis). Simultaneous angiocardiograms in anterior 
left) and left lateral (right) projections 1.4 seconds after appearance of opacity in the superior 
he vena cavae are dilated. The right lateral border of the right atrium is straight 


rigid. No extraluminal opacity is seen. The right atrium is enlarged, particularly inferiorly. 
Calcium is adjacent to the atria and ventricles 


not isibl A2 was equal to P2. There 
The blood pressure was 
m He The venous pressure Was 
60 mm citrated blood 
Electrocardiogram showed notched P 
é ind inverted T waves 


ntgenogram showed a. slightly 

irged cardiac silhouette with pericardial 
ihceation 

Cardiac catheterization revealed findings 
racterist ot constrictive pericarditis. 
\ngiocardiography revealed a widened su- 
rior vena cava. The inferior vena cava, 


‘ly opacified by contrast substance from 


right atrium, was also dilated. The right 
n, right ventricle, pulmonary vessels and 
itrium were enlarged. The left ventricle 


Pericardiectomy was done on December 15, 
1956. There was very little calcium on the 
ventricles. The thickened pericardium was 
easily separated from the left ventricle and 
then from the right ventricle. The atria 
were embedded in calcific plaques which 
could not be removed. The anterior and cir- 
cumflex coronary arteries were extensively 
calcified. 

Biopsy showed a densely fibrous and 
hyalinized matrix containing blood vessels 
with thickened walls. There was patchy 
eosinophilic cellular infiltration adjacent to 
blood vessels. 

The postoperative course was uneventful 
other than the transient appearance of heart 
failure. 
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1957, the 
was repe ated and showed no 


On January 23, angiocardio- 
graphic study 
significant change other than increased opaci 
fication likely related to the 


thickened ardium. 


removal of 


We have come to regard persistent 
prolongation of the intracardiac circu- 
lation time following adequate medical 
rather ominous, for the 
time has re- 
mained similarly prolonged following 
Although it might be said that 
if surgery was adequate, normal car- 
function should be restored, the 
fact remains that these patients, al- 
though i improved by surgery, continue 
to have signs of c: urdiac dysfunction. It 
may be further stated that in our own 
experience these cases have been found 


therapy as 
intracardiac circulation 
surgery. 


diac 


at surgery to have plaques so intimately 

with the ventricular 
that their removal im- 
possible. The myocardial dysfunction, 
therefore, may be at least partly 
attributed to the limitation of surgery, 
but it mav also be related to intrinsic 


connected myo- 


cardium was 


myocardial disease either prim: ary or 
peric: ardial 


. Intrinsic myocar- 


secondary to prolonged 
( White?? ) 
is also suggested by the 
finding of a rigid right atrial wall. Re- 
gardless of adjacent roentgenographi- 


restriction 


dial disease 


cally visible pericardial thickening, 
which occasionally is not seen), the 
right atrial wall has remained rigid 


following surgery perhaps because of 
the inability to from it the 
fused pericé irdium. The rigidity of the 
right atrial wall may possibly have 
some relation to the persistence of ab- 
physical following an 
otherwise adequate pericardiectomy, 
although experimentally in dogs with 
isolated pericardial aiid of the 
right atrium, no change in hemody- 


remove 


normal signs 
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namics or physical signs occurred 
(Isaacs, Carter and Haller®) and, in 
the human, no abnormal fall pres- 


sure between the superior vena Cava 


and right atrium or between the right 
atrium and ventricle has been demon- 
strated (Sawver et al.’°). For these 


reasons, we would regard this sign as 
significant from the prognostic 
viewpoint than a_ persistently 
longed intracardiac circulation time. 
Finally, it must be emphasized again 
that we regard the finding of either a 
prolonged intracardiac circulation time 
following medical therapy or a rigid 
right atrial wall not as 
tions to surgery, for our patients have 
improved by but 
rather as indicative of myocardial dys- 
function which may persist following 


less 


pro- 


contraindica- 


been operation, 


surgery, either because of our present 
inability to decorticate the 
quate ly or because of 
irreversible myocardial disease. 
Summary and Conclusions. 1. Peri- 
cardial effusion or constrictive pericar- 


heart ade- 
associated 


ditis may be definitively recognized by 
venous ‘angiocardiogr: or carbon 
dioxide contrast study. 

2. Extraluminal surrounding density 
due to fluid is the pathognomonic find- 
ing of pericardial effusion. 

3. A rigid relatively straight right 
lateral border of the right atrium is the 
pathognomonic finding of constrictive 
Rigidity of the superior 
vena cava and of the right ventricle 
may also be demonstrated. 

4. Either diagnosis is supported by 
the finding of dilatation of the venae 
cavae, predominantly the inferior. 

5. Sequential venous angiocardiog- 
raphy permits recognition of underlying 
myocardial disease or dysfunction. 


pericarditis. 
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SUMMARIO IN INTERLINGUA 
Le Diagnose Definitive De Pericarditis Effusive O Constrictive 


|. Effusion pericardial o pericarditis constrictive pote esser recognoscite 
definitivemente per angiocardiographia venose o studios a contrasto per bioxydo 
de carbon. 

2. Densitate circumjacente extraluminal, causate per fluido, es le constatation 
pathognomonic de effusion pericardial. 

3. Un rigide e relativemente directe margine dextero-lateral del atrio dextere 
es le constatation pathognomonic de pericarditis constrictive. Rigiditate del 
vena cave superior e del ventriculo dextere pote etiam esser demonstrate. 

t. Ambe diagnoses es supportate per le constatation de dilatation del venas 
cave, predominantemente le vena cava inferior. 

5. Angiocardiographia venose sequential permitte le recognition de un sub- 
jacente morbo o dysfunction myocardial. 
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SEVERE RENAL DISEASE® 
By MAKEPEACE U. Tsao, Pu.D. 
ASSISTANT PROFESSOR OF BIOCHEMISTRY 
p 
AND SI 
tl 
EANA LEVINTHAL, M.D.1 | 
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J. WYNGARDEN, A.B i 
CuHar_es H. SLoan, B.S. 
AND W 
SHIRLEY S. SETHNA, B.S. 
From the Department of Pediatrics and Communicable Diseases, University of Michi 
Medical School, Ann Arbor, Michigan 
AN intere sting and significant differ- trom a control group ot pe liatric patients 
] 
ence has been observed by us over the Wt® various diseases ee re water, electro 
‘ vte or acid-base disturbance was suspected 
past 4 years between the plasma total 
i I'wenty-one samples were taken from | 
base value as determined by electro- adults’ and children who were uremic. Th 
dialysis and the sum of values of so- samples were chilled in ice water until 
dium, potassium and calcium of the inalvses to prevent possil le bacterial activity 
s mate n the s 
plasma in several children and adults material in th unpl = 
: slood rea nitrogen was determine 
with severe renal disease. Although 
} 1] the alpha isonitrosoproplophenone nethod re 
on y the few patie nts reportes | 
manifest such difference, a difference Sodium and potassium were determined \ 
as high as 40 mEq. per liter has been with a Beckmann Flame Spectrophotometer 
observed. In view of the importance The plasma sample was diluted with distilled w 
of the retention of nitrogenous sub-  W®te! 1:100. A set of sodium standards wa 
used for comparison which contained — the | 
stances in uremia which are normally ti 
normal amounts of potassium calcium, mag 
excrete an attempt to characterize phosphorus The equivalent con 
and identify the unknown substance(s centrations were spaced 10 mEq. per L. apart 
causing such difference was made on For each concentration of sodium standard a 
| 
the plasma extract, and the result is set of potassium standards was prepared with 
i 
also presented in this report the equivalent concentration of potassium 
spaced 1 mEq. per ipart Each sample 
Materials and Methods. Venous or arterial was read “bracketed” between two standards 
blood samples were drawn with dry he p- of closest sodium and potassium concentra 
arinized syringes as described previously tions. A turbidimetric method was used for 
(Reardon et al.7 Sixty samples were taken the determination of calcium (Murayama* 
*Aided by a grant from the Faculty Research-Research Equipment Fund of the Horace H. 
Rackham School of Graduate Studies, University of Michigan. , 
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The total base of the plasma was deter- was compared with the total base value 
— in el trodialysis _ procedure of each sample. The results are sum- 
Sobel, Rockenmacher and Kramer®, Tsao!! ), me 1 in Table 1. Si th lei 
rhis method yields the sum of Na, K, and Ca, ™€rized in Table 1. Since the calcium 
immonia and some organic bases. but does level fluctuates within a narrow range 
t include Mx even in pathological conditions a con- 
matographic was stant value of 5 milliequivalents per 
It was assumed that whatever the | if N K d 
ight be thev are extractable by samples were analysec or anc 
following procedure. The plasma extracts total base and the results are also sum- 
re prepared by dispersing 1 ml. of plasma marized in Table 1. From the data in 
ard f 2% acetic acid in absolute alco- the table it is obvious that the proba- 
ent ing-after one hou evaporation bili f 6 E I 
f 4 ml. of the supernatant to dryness with lity of differences of 6 mEq. per L. 
tre rinsing the residue twice with or more due to methodology is 0.05 
|. of chloroform, taking up the residue — or Jess. 
In the group of patients in question, 
oluble residue by filtration evaporation of child lal 1iff f 
m and finally dissolving the 10 to 40 mEq. between total base and 
rABLE 1.—~ COMPARISON OF TOTAL BASE 
WITH CATIONS IN CONTROL GROUP 
Total Base Total Base 
Difference d mEq. L Na+ K+ Ca Na K + 5) 
No. of samples N 20 +0 
Range of d 6.0 5.0 
Average d 0.25 0.46 
Average Abs d Sldl N 2.2 2.8 
\ N ] 2.5 
idue in 40 ul. of distilled water. For the the sum of Na, K, and Ca were ob- 
wn tk 20 extract’ served on one or more occasions in 
ere placed o1 iatman oO. liter paper, 
the course of their illness (see Table 
ned and ae veloped at room temperature ‘ 
with n-butanol saturated with 25% acetic acid 2). Their histories are given below. 
water (Schwyzer8). Organic bases are It should be noted that the blood 
| solu- urea nitrogen level does not bear 
tion of bromphenol blue. distinct blue spot 
ee ; direct relationship to the presence of 
s the location of a nitrogenous base on 
yellow background of the paper. Both significant amount of unknown  sub- 
ending and descending techniques were stance(s) other than the fact that the 
ploy The following substances were  Joyels are high in all of the uremic pa- 
enin irginine, 1, 4-butanediamine, cho- hents s m= led. urthermore, the _possi- 
citruline, creatine, creatinine, ethanol- bility of high concentrations of urea 
ine, guanidine, guanine, histidine, isoamyl- interfering with the determination of 
oe lysine — trimethylamine, and Na. K. and total base in these cases 


Results. Twenty samples of the con- 
trol group were analysed for Na, K, Ca, 
nd total base. The sum of the cations 


was ruled out by experiments involv- 
ing the addition of urea to plasma 
samples up to the amount of 1000 mg. 
per 100 ml. without significantly alter- 


69S 


ing the results either of electrodialysis 
or flame photometry. The case histories 
of 3 other patients, 3 adults with severe 
renal diseases and problems of uremia, 
who by contrast did not retain the 
unknown substance(s) are presented 
as examples of many uremic patients 
who did not manifest a difference be- 
tween total base and known cations. 
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some ¢ irculatory embarrassment on curred, and 
months following diuresis she appeared 


fully recovered, with a nearly normal urine 
CASE 3, N.R., was an ll-year-old boy ad- 
mitted 12 hours after the onset of illness 


with anuria, diarrhea, coma, and convulsions, 
who died on the 7th day without regaining 
consciousness. The question of tetanus was 
ot 


a small leg 


raised on admission, large amounts 


SO 
tetanus antitoxin were given and 


wound was debrided. At necropsy, there was 


TABLE 2.—COMPARISON OF TOTAL BASE 
WITH SODIUM AND POTASSIUM IN UREMIA 
Total Bas 
mEq./L. Fron 
jlood Urea Nitroge n Na K Sum of * Total Bas Unknow? 
Patients BUN) mg./100 ml mEq./I mEq./I Na, K, Ca mEq./I Substan 8 
Case 1. R.B 207 136 6.1 147 167 20 
500 142 6.6 154 187 34 
146 6.8 158 198 40) 
145 0 158 188 80 
850 137 7.9 150 151.5 z 
Case 2. D. B 127 7.8 139 150 1] 
210 127 ce 140 159 19 
245 1S] 6.7 1458 1638 20 
Case $3 R 124 133 720 146 160.5 15 
Case 4. R. J 392 140 4.9 150 162 12 
Case 5. P. DeW 130 8.6 144 160 16 
Case 6. L. W 261 138 §.1 148 160 12 
218 139 5 149 153 t 
48 144 $.5 154 153 l 
Case 7. L. W 166 135 4.2 144 156 12 
Case 8. L. I 176 182 7.0 144 154 10 
Case 9. V. K 13 136 8.0 149 167 18 
Case 10. L. ¢ 212 125 5.0 135 150.5 16 
Case 11. E.S 204 150 $.4 158.4 158.5 0 
Case 12. K. N 239 138 1.9 148 151 3 
Case 13. W. M 294 138 7.0 150 151 ] 
* Ca estimated as 5 mEq./L 
Case Reports. case 1., R.B., was a 5-year- lower nephron nephrosis, possibly 
old boy with acute hemolytic anemia and globinuric, uremic colitis, and edema of the 
resulting ne phrosis who died after 9 anuri brain. The determination shown in Table 1 
days. In his case it is puzzling that although was made on the 3rd day of illness 
his blood urea nitrogen (BUN) rose progres CASE 4, R.J., was a 12-year-old boy with 
sively to 850 mg per 100 ml. on the last terminal nephritis without oliguria; 10 de 
day, the retained unknown substance ros terminations were made during his last 2 
progressive ly to the 7th day of illness and months of life. The difference of 13 mEq per 


then fell to normal limits prior to death 
Terminal of retention 
enemas of NaHCO; and ion exchange resins 


therapy consisting 


may have in some way led to the excretion 
of the unknown substance into the bowel. 
CASE 2, D.B., was a 54-year-old girl with 


acute nephritis who suffered a 5-day episode 
of anuria during which the 3 determinations 
shown in Table were made. At 
did this child appear toxic, 


time 
although 


no 
very 


L.. occurred during a 2-week period in which 
he of vomiting, but 
the vomiting continued after the difference 
disappeared, so a specific clinical correlation 


had an unusual amount 


is impossible 
P.De W., 
pyelonephritis and obstructive 


CASE 5, was a 7-year-old girl with 
uropathy 
ondary to bladder neck obstruction, who died 
in uremia and cardiac failure. 


tion noted was made 4 months prior to death 


The determina- 


| 
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luring a severe uremic episode in which 
onstant indwelling catheter with irrigation 
prevented urine output estimate, but definite 
oliguria was not present. 
case 6, L.W., was a 4-year-old girl with 
temporary 8-day renal shutdown following 
injection of bismuth. Diuresis began the 
Lay following admission, and the values 
hown were obtained during this period. 
Vomitir without nausea was present, but 
ither signs of toxicity. 
casE 7, L.W was an 82-year-old man 
who d in wemia and renal failure 
dary to prostatic hypertrophy and obstruc- 
tive uropathy. He was in desperate clinical 
mndition with uremia, anemia, diarrhea and 
lecubiti when the determination noted was 
ide, but was not anuric 
cAsE 8, L.L., was a 43-year-old man who 
ift LO years of admissions for nephro 
loin econdary to parathyroid carcinoma 
The ce ination noted was made in _ his 
t month of life, at which time he was 
everely anemic and uremic, but not 
iguric 
case 9, V.K., was a 43-year-old man with 
Buerger isease who died of thrombosis of 
the iorta at the level of the renal arteries. 
Acute renal failure and oliguria occurred in 
pite f noval of thrombus and = sympa- 
thectomy, and he died on the 6th postopera- 


ive oliguric day. At necropsy the left renal 
cluded and the kidney infarcted; 
artery was partially occluded, 
a right renal infarct. 

CASE 10, L.C 


who died of chronic 


ind there Was 


was a 36-vear-old woman 
nephritis 
int hyperte nsion and uremia. The 


Table 1 


glom«e rular 
with mali 


determination in was made during 


her terminal illness 

cases 11, 12, and 13 were cases of fatal 
hronic glomerulonephritis. The blood urea 
nitrogen was very high, but there was essen- 
tially no difference between total base and 
the sum of Na, K, and Ca. See Table 1 


The only substances detected in ap- 
preciable amounts by chromatogr: iphic 
study of plasma e xtracts of these uremic 
patients were creatinine or guanidine, 
or both. The Ry of creatinine is only 
slightly greater than that of guanidine, 
definite differentiation can 
be made between the two. This at least 
indicates that the method for the prep- 
aration of plasma extract was effective 
for the extraction of guanidine and 


hence no 


creatinine. 
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The chromatographic studies were 
initiated only after the striking differ- 
the total base and 
cations had been observed, 
so that the advantage of detecting 
relatively large the un- 
known substance(s) as compared _ to 
Na in the plasma extract has been lost. 
The relatively large sodium spot on 
the chromatogram could easily obscure 
similar Ry value but 
present in relatively low concentrations, 
unknown substance(s) might 
well be, in the plasma extract. 

The vield of cations by known nitro- 
genous substances upon electrodialysis 
was assayed by determining the total 
base values of pure solutions contain- 
ing 100 millimoles per liter of each of 
the following substances in the same 
manner as the plasma total base was 
determined. The total base values are: 


ence between 


inorganic 


amounts of 


a substance of 


as the 


guanidine, 162; arginine hydrochloride, 
100; lysine hydrochloride, 95; crea- 
tinine, 59; alanine, asparagine, citrul- 


line, and histidine hydrochloride, all nil. 
Discussion. The only common de- 
nominator in these patients is severe 
renal disease either the last 
various chronic renal 
The unknown substance(s) i 
present only in very sick patients, A 
generally when urin: iry output is inade- 


acute or 
stages of 
orders. 


quate, due to a variety of causes, that 
is, hemoglobin or myoglobin casts, 
renal infarcts, nephrocalcinosis, and 


severe nephritis. It has not been de- 
tected in other situations with tissue 
breakdown (fever, septicemia, 
and so forth), or where protein metabo- 
lism is defective, as in liver disease; 
the 60 samples of the control group 
include patients with these and other 
conditions. With recovery from renal 
shutdown, the unknown substance(s ) 
is either again excreted or metabolized. 
Complete ionic diagrams were obtained 
on the same plasma samples and our 
findings were in general agreement 


burns, 
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with a previously reported study of 
renal insufficiency (Sunderman'”’) hence 
they are excluded from this report. Al 
though the acid residue, “R,” might 
be used to verify whether the elevated 
total base was present in vivo the fact 
that this component of the plasma 
anions is often elevated in cases where 
no difference is observed between total 
base and the sum of cations prevents 
one trom making use of this calculated 
value. Case 2 shows that the presence 
ol unknown cation( s does not neces 
sarily indicate an irreversible clinical 
course. 

The attempts to identify the un- 
known substance(s) by paper chroma 
tography described above have thus 
far been unsuccessful. By virtue of the 
fact that in the procedure for the de 
termination of total base by electro 
dialysis the unknown substance(s 
migrates in an electric field and forms 
an amalgam with the mercury cathode. 
one can limit the possible substances 
to amines or imines and substances that 
vield these nitrogenous bases through 
electrolytic reduction. Thus, the chro- 
matographic technique was justifiably 
aimed at the isolation of amines. Olsen 
and Bassett concluded from their study 
on a large number of uremic patients 
that although guanidine was elevated 
in uremia the range was wide and no 
correlation could be made with the 
clinical picture (Olson and Bassett*). 
They reported guanidine levels in 
severe uremics of less than 3 mg. per 
100 ml. blood. Even if one assumes a 
level of 10 mg. per 100 ml. of blood, 
thus 2.7 mEq. per L., all cases in our 
study show a considerably greater 
amount of unknown substance(s) to be 
accounted for, and it is hard to imagine 
a guanidine accumulation of such mag- 
nitude. What is said for guanidine also 
holds true for creatinine because the 
highest blood creatinine level found 
in a study of this substance in nephritis 


) 


and urinary obstruction was 23 mg. 
per 100 ml. (Cantarow and Davis? 

Even assuming a level of 40 mg. per 
100 ml. this vields only a little over 2 
mEq. pet L.. of total base. Therefore, 
contributions to total base value from 


retained creatinine guanidine 
could not possibly exceed 5 mq. per 
L. As we have shown that high con- 
centrations of urea added to plasma 
do not contribute to the total base 
value, one cannot account for the dif- 
ference between the determined total 
base values and the sums of Na, K, and 
Ca on the elevation of known nitro 
genous substances that are present in 
uremia in significant amounts. Am 
monia, due to its high toxicity in minute 
amounts (1 to 1.5 micromoles per liter 
produce central nervous system symp 
toms cannot be a significant factor 
in this phenomenon. Although amino 
acids such as arginine and lysine vield 
nitrogenous base on electrodialysis the 
patients studied did not show such 
liver damage as to allow a significant 
elevation of the concentration of these 
amino acids in blood Kirk*). The 
presence of unidentified substance(s 
retained in uremia has been suggested 
as a working hypothesis (Patch and 
Rabinowitch® ); however, positive iden- 
tification or at least the isolation of a 
specific entity is still needed. Inasmuch 
as our chromatographic studies of the 
plasma extract have thus far failed to 
show a distinct chemical entity we 
must consider the following possibili- 
ties: 1) The unknown substance re- 
tained by the unusual uremic patients 
would yield cations only on electro 
dialysis through electro-reduction. 2) 
The unknown substance was not ex- 
tracted by the method used because of 
firm bonding with the precipitated 
plasma proteins but is nevertheless a 
true nitrogenous base. 3) The unknown 
substance was extracted in the form of 
free nitrogenous base but has a R, 


| 
| 
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to Na, K, 
tinine and hence escaped our detection. 

Since no direct correlation has been 
established between a known chemical 
entity the blood and the 
clinical symptoms (Olson and Bassett®) 
our study points to the possibility that 
some of the symptoms of uremia might 


similan guanidine, or crea- 


in uremic 


DIFFERENCES IN PLASMA TOTAL BASE 7()] 
tients with severe renal disease showed 
a significant difference up to 40 milli- 
equivalents per liter between total base 
by electrodialysis and the sum of so- 
calcium. The 
difference is not found in all uremic 
patients and cannot be accounted for 


by the accumulation of known nitro- 


dium, potassium and 


vet be explainable on the basis of genous bases. An unsuccessful attempt 
iccumulation of substances normally at the isolation and identification of 
not present in detectable amounts. the unknown substance’ bv paper 
Summary. Blood plasma from 10 pa- chromatography was made. 
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SUMMARIO IN INTERLINGUA 


Ditterentias Inter Le Valores Del Base Total E Del Summa Del Cationes in Le 
Plasma De Patientes Con Sever Morbo Renal 


Le plasmas del sanguine de 10 patientes con sever morbo renal monstrava 


gnificative differentias (amontante a usque a 40 milliequivalentes per litro) inter 
valores del base total (determinate per electrodialyse ) e le summas de natrium, 


kalium, e calcium. Tal differentias non occurre in omne patientes uremic e non 


te esser explicate como resultante del accumulation del cognoscite bases 
itrogeni Le tentativa de isolar e identificar le incognoscite substantia per 


hromatographia a papiro non succedeva. 
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STUDIES ON ELLIPTOCYTOSIS 
I. HEREDITARY ELLIPTOCYTOSIS IN THE PEDIATRIC AGE PERIOD: 
A REVIEW OF RECENT LITERATURE 


By Irvine ]. WoLMaNn, M.D. 


AND 


AYSI Ozcr, 


M.D. 


(From the Hematology Laboratory, The Children’s Hospital of Philadelphia, and the Depart 
ment of Pediatrics, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania ) 


HerepDITARY elliptocytosis (ovalocy- 
tosis, familial elliptocytosis, constitu- 
tional elliptocytosis, genotypic ellipto- 
cytosis) has been the subject of an 
abundant body of medical literature 
since first described by Dresbach® 
1904. Good general reviews in more 
recent years have been published by 

Lambrecht? (1938), Wyandt, Ban- 
— and W inship'? (1941), Guasch 
and Raichs'® (1948), Heilmeyer and 
Begemann!® (1951), Bernard, Dugas 
and Cotlenko? (1953), and Dacie® 
(1954). The red cells exhibit the char- 
acteristic deformity from _— infancy 
through senescence, but the condition 
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is usu lly subclinical and goes unrecog- 
nized except when specifically searched 
for. Only few of the published studies 
have appeared in pediatric journals, 
and the standard textbooks of pedi- 
atrics give it but brief mention. For 
this reason, and because of the current 
wave of interest in hereditary dystro- 
phies of red cells and hemoglobin, it 
seemed worthwhile to prepare a review 
of recent reports which gives special 
attention to the manifestations in the 
pediatric age period. 


Prevalence. Elliptocytosis was en-: 


countered 4 times by McCarty”® in 
the routine study of 10.000 Americans: 
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2 times by Wyandt et al.** in 7,000 
Americans; and 4 times by Bernard, 
Dugas and Cotlenko? in 8,000 exami- 
nations of a French population. Thus, 
is a generalization, elliptocytosis may 
be said to have a prevalence of ap- 
proximately 0.03 to 0.05% in white 
populations. Its frequency in other 
racial groups has not been estimated, 
to our knowledge, but individual cases 
have been reported from all corners of 
the world. In its ubiquitous distribu- 
tion this disorder resembles hereditary 
spherocytosis more than Mediterranean 
inemia or the variant anomalies of 
hemoglobin. Since elliptocytosis can be 
recognized by simple examination of 
blood smear, population surveys are 
not difficult to perform. 

Genetics. Scores of human pedigrees 
have been published which trace the 
existence of elliptocytosis through suc- 
cessive generations of individual fam- 
ilies. Practically without exception the 
unomaly has been found to be trans- 
mitted as a Mendelian dominant, not 
ex-linked. When one parent is affected, 
vhich is the typical situation, the trait 
ppears in approximately one-half of 
the offspring 

This pattern of genetic behavior, in 
which typical blood cell changes can 
be detected in the heterozygote, is the 
ume as that of hereditary spherocyto- 
is. Like the latter disease also, heredi- 
tary elliptocytosis expresses itself with 
irying degrees of clinical severity in 
lifferent heterozygotes, though on the 
hole there is a much lower incidence 


anemia and hemolytic phenomena.. 


enfold and L ipscomb*", from a survey 
100 reported cases, estimated thi it 
proximately 12% of affected subjects 
ve detectable evidences of increased 
moly sis. 
\ very few apparently homozygous 
lividuals with hereditary elliptocyto- 
have been recorded (see below). 


Ot interest are the many reports of 
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families with hereditary elliptocytosis 
in whom this condition has been asso- 
ciated with some other genetically 
transmitted anomaly such as hemor- 
rhagic telangiectasia®! divergent stra- 
bismus™, bone deformities**, or micro- 
spherocytosis*’. 

LINKAGE. With the sole exception of 
the genes of the Rh system, the ellipto- 
cytic trait has not been found to exhibit 
linkage or association with any of the 
other known attributes of the human 
erythrocyte. Morton*® recently sur- 
veyed 14 elliptocytic pedigrees col- 
lected from the literature in which 
blood grouping data were available for 
all or nearly all members of affected 
families. In the group as a whole the 
statistical evidence for linkage between 
elliptocytosis and some one Rh type 
was “enormously significant,” though 
there was no association between the 
elliptocytosis and any single Rh blood 
type. Among the 7 pe digre es with an 
adequate number of progeny for proper 
analysis, 3 showed no evidence of 
linkage whereas 4 others exhibited 
close though not universal linkage. A 
good example of this linkage phenom- 
enon is the family surveyed by Mar- 
shall, Bird, Bailey and Beckner?*. In 
26 members studied, 15 to 85% of all 
circulating erythrocytes were elliptic in 
12 members. The 11 of these 12 who 
were surveyed for blood group status 
all exhibited the Rh pattern of CDe 

(Ri), whereas only 2 of the unaffected 
with an affected parent had 
this Rh pattern. 

Erythrocyte Morphology. wet PREP- 
ARATIONS. When erythrocytes of af- 
fected individuals are suspended in 
saline or nonagglutinating human 
serum and inspected between a glass 
slide and a coverslip or in a hanging- 
drop preparation, the external outlines 
of an appreciable proportion are seen 
to be elliptic or oval instead of circu- 
lar. All of the eccentric cells may ex- 


| 


704. The American Journal of the 
hibit the deformity to approximately 
the same degree, or the distortions in 
shape may be more intense in some 
cells than in others. Sometimes the long 
the cell is 3 to 4 times 
the width, giving it a rod-like or bacilli- 
form shape. 


dimension of 


The percentages of de- 
the 
not alwavs seem the 


formed cells and the intensity of 
distortions may 
same in successive examinations. 

In the absence of anemia, the distri 
bution of hemoglobin within elliptic 


Most 


normochromic, but occasional ones may 


cells is not abnormal. appear 
exhibit either hypochromia Ol hyper 
chromia 

When viewed edgewise, elliptic cells 
the 


biconcave silhouette, though some may 


from heterozygotes show normal 
be deeply concave in one direction 
only and have the shape of a coracle 
or elongated basket". 

DRIED FILMS. With heterozygotes in 
smears of dried blood films the anom- 
aly is said to be less marked and the 
proportion of obviously distorted cells 
usually lower than in moist suspensions. 
Severely deformed cells may not 
readily form the small rouleaux-like 
agglomerations so often seen in films 
of normal disc-shaped red cells. Baso- 
philia and crenation are not character- 
istic accompaniments. (nisocytosis and 
poikilocytosis may be seen in the more 


extreme cases. Central pallor may be 


prominent when iron deficiency is 
associated. 
CLASSIFICATION OF ELLIPTIC CELLS. 


Many systems of classification based 
on the ratio of width to length have 
been proposed, for the purpose of de- 
scribing the degree of elliptocytosis in 
quantitative terms. Widely used is the 
approach of Giinther!’, in which one 
measures accurately a large number 
of red cells in microns and calculates 
the eccentricity from the formula E 


short dik ter \? 
rt diameter ) . The cells are 


long diameter 
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then subclassified according to the 


following scheme 


Group I: from to 0.47 circular 

Group Il: E from 0 17 to 0.62 (rounded 

Group III: | from 0.62 to 0.74 (ellipti: 

Group IV: E from 0.74 to 1.0 elongated el 
] 


The percentage of cells in each stage 


of eccentricity is utilized as an indi 


cator of the severity of the deformity 

in the individuals examined. 
Giinthers quantitative approach is 

results of 


time-consuming gives 


higher precision than are needed in 
clinical situations. For practical pu 
poses it is enough to count and grade 
qualitatively all the red cells in one o1 
more microscopic fields. 

The discordances which may be en 
countered in the progressive stages of 
oval (elongated 


round circular 


elliptic, and rod shaped (elongated el 
liptic) cell form distribution are illus 
trated by the findings of Motulsky, 
Singer, Crosby and Smith®* in 3 adult 


subjects: 


Clinical 
Sub- Symp- Round Rod 
toms Cells Oval lliptic Shaped 
l () 55% 39 84 5% 
2 LO" 6 76% 84% 
0 34 504 13% 


The above 3 subjects were from dif 
ferent but within the 
same family there may be marked dif- 


families, even 
ferences in the percentages of mis 


shapen forms among the various 
members. 

Ovalocytosis from Other Causes. It 
is a commonplace observation in hema- 
tology that oval cell forms are often 
found within the circulation as one 
manifestation of poikilocytosis in ane 
mia due to cause. This 
symptomatic phenomenon has been 
noted specifically®** 


anemia, severe iron-deficiency anemia. 


almost any 


pernicious 
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Cooley's anemia, hereditary spherocy- 
tosis, some forms of nonspherocytic 
hemolytic anemia*®, severe in- 
stances of infection, leukemia and can- 
cer. In these disorders the majority of 
such cells are only moderately elon- 
rated corresponding to Group Il of 
Giinthers classification. Frequently 
they appear asymmetrically distorted, 
with one poe broader than the other, 
and occur nearly always in the com- 
pany ol oles more bizarre-shaped cell 
forms. Long rod-shaped forms are very 
uncommon as manifestation of 
poikilocytosis, but may be abundant 
in hereditary elliptocytosis. Attention 
may be directed to the frequent occur- 
rence of oval cells and “microellipto- 
cytes” in hereditary blood disorders 
related to Mediterranean anemia™". 

Even in healthy subjects who have 
no known anemia of any sort it is not 
unusual to see oval-shi iped forms within 
their erythrocyte popul: ition The 
studies of Wy: indt et al? of 450 stu- 
dents and nurses showed the following 
frequencies ot this finding: 


entage f Students Percentage of 
l Nurses Elliptic Red Cells 
5 l or less 
7 2to5 
5 to 10 
LO to 15 


Criteria for Diagnosis of Hereditary 
Elliptocytosis. PERCENTAGE OF ABNOR- 
MAL FORMS. Unanimity is lacking 
mong the experts with respect to the 
threshold number of eccentric cells 
which is necessary for one to diagnose 
the existence of elliptocytosis. Minimal 
values which have been proposed are 
Lambrecht**, 10%; Florman and Win- 
trobe!!, 40%; Wyandt, Bancroft and 
Winship**, 25%; Heilmeyer and Bege- 
nann!®, 10 to 20%. 

Certain considerations influence this 
problem of setting a dividing line be- 


tween normals and carriers of heredi- 

The exhibition of the characteris- 
tic may be influenced by technical 
factors, sometimes obscure. For ex- 
ample, to quote Wyandt*?, “On one 
day, one of four preparations had twice 
as many sausage forms as the other 
three mounts made at the same time.” 
The pressure exerted in the making of 
dried smears can either obscure or ac- 
centuate the deformity. 

The proportion of elliptocytes in 
the circulation often varies in successive 
examinations. This may be the result 
of technical factors or of biologic in- 
Huences of unknown nature. 

3. The characteristic deformity in 
shape may be accentuated by coinci- 
dent anemia. Bernard? advises that 
when authors give a percentage range 
for differentiation between normal 
erythrocyte populations and those of 
hereditary e lliptocytosis, the lower fig- 
ure should apply for healthy subjects 
and the upper figure for pi atients with 
anemia. 

$. Within affected families wide 
divergences are found with respect to 
percentages of abnormal cells and the 
presence or absence of symptoms. In 
some members the abnormal forms 
may be so few and the deformity so 
mild that the diagnosis would be over- 
looked, were it not for the family his- 
tory and perhaps also the occurrence 
of a few rod-shaped forms. 

Importance of Family Survey. With 
all suspected and questionable cases 
it is important to study as many mem- 
bers of the family as possible ‘for the 
existence of the trait. With infants and 
children the examiner should study 
both parents, all siblings, and as many 
of the grandparents and _ coll: iteral 
members of both sides of the family as 
will cooperate. 

When the family survey is negative 
but an individual nevertheless seems to 
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have elliptocytosis of the hereditary 
type, one must assume either that a 
mutation has occurred or that the char- 
acteristic was inherited from a parent 
in whom the penetrance of the gene 
has been incomplete. To exclude the 
condition of acquired ovalocytosis in 
such an individual it is important that 
the elliptic erythrocytes persist in sig- 
nificant numbers over a_ period of 
years, without any other known cause 
of the oval deformity being demon- 
strable. 

Hematologic Properties of Elliptic 
Cells. The peculiar shape of the red 
cells in hereditary elliptocytosis has 
inspired many experiments designed to 
elucidate the condition by finding other 
deviations from the normal. The resem- 
blance of these cells to the oval-shaped 
biconvex erythrocytes of the Camelidae 
(camel, dromedary, guanaco, llama, 
vicuna ) is apparently restricted only to 
their contours?. 

When the disorder is entirely latent 
the red cells tend to have a normal 
mean volume and a normal mean con- 
tent of hemoglobin with little indi- 
vidual deviation from these means. 
When there is a superimposed iron 
deficiency the values are lower. 

Occasionally, as in the family re- 
ported by Stephens and Tatelbaum*? 
(which included 2 affected children), 
there may be an increase in the count 
of cells per cubic millimeter with a 
diminution in mean cellular volume and 
mean cellular hemoglobin (“microcy- 
tosis’); in this family, two-dimensional 
measurements indicated that the ab- 
normally shaped cell forms had ap- 
proximately sly the same size as the round 
cell forms. 


When a hemolytic process is present 
both the elliptic and the round erythro- 
cytes are likely to exhibit some degre e 
of anisocytosis, poikilocytosis and cen- 
tral achromia. 

Target cell forms have been ex- 


tremely uncommon in most reported 
instances, regardless of whether the 
disorder was latent or symptomatic. 
Unlike sickle cells, elliptic cells do not 
alter their shape in the presence of 
high plasma CO, content*, save Adie 
there is an unrelated anomaly of the 
hemoglobin as well. 

OSMOTIC FRAGILITY. The osmotic be- 
havior of the cells in graded hypotonic 
solutions is usually the same as that 
of normal disc-shaped erythrocytes, 
though often a minority of the cells 
may seem unduly fragile or unduly 
resistant. However, in some of the pa- 
tients with erythrodestruction the bulk 
of the cells have seemed unusually fra- 
gile. Kirkegaard and Larsen** state 
that many elliptocytes revert to normal 
shape when placed in hypotonic or 
acid or alkaline environments, but 
other authors**:*5 state that this rever- 
sion to the disc form takes place in 
only a few of the cells and only in 
hypotonic solutions. 

RETICULOCYTES. The range of reticu- 
locytes in normal healthy children is 
0.5 to 1.0%*". In elliptocytic individuals 
with hemolytic phenomena the reticu- 
locyte count is usually well elevated, 
in the range of 2 to 10%. Most asymp- 
tomatic childhood cases exhibit a slight 
increase: the usual reading seems to 
be between 0.5 and 2.0%, and usually 
about 1.0%. According to most authori- 
ties these younger cell forms are all 
disc-shaped, but according to Lendval*® 
and in our experience a _ minority 
sometimes may be oval or even elliptic. 

BONE MARROW. In asymptomatic indi- 
viduals the bone marrow exhibits no 
increase in the rubricytes or other cell 
series. When hemodestruction is active, 
the rubricytic components are increased 
in quantity but appear qualitatively 
normal. In the literature the statement 
is made almost universally that megalo- 
blasts, normoblasts and other nucleated 
red cell forms have no shape distor- 
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tion. A contrary opinion is expressed 
by Franzini!*, whose measurements 
showed that even in aspirates from 
normal subjects many of these imma- 
ture cells may be slightly oval, but 
that in heredit: ary elliptocytosis the 
characteristic asymmetric deformity is 
much more prominent. 

LIFE SPAN. From the published 
studies***4.3%".39, it would appear that 
elliptic cells from asymptomatic sub- 
jects have an undiminished survival 
time when transfused into other indi- 
viduals, whereas elliptic cells from pa- 
tients with an active hemolytic process 
have a reduced survival time. 
ample, 


For ex- 
in the 9-month-old infant with 
active hemolysis described by Josephs” 
the 50% survival time was only 16 days. 
In the adult with hemolytic symptoms 
studied by Motulsky and associates** 
the total survival time seemed to be 
only 45 days instead of the normal 100 
to 120 whereas in two other 
asymptom: itic adults the survival time 
100 days. 

FRAGMENTATION. When mature eryth- 
rocytes from diverse varieties of anemia 

e kept warm in wet coverslip prep- 
arations on a slide, occasional cells may 
bud-like protrusions or central 
constrictions, with the eventual forma- 
two or more disconnected 
formations of hemoglobin- 
containing cytoplasm. This phe nome- 
non is a feature also of Cooley's anemia, 
sometimes rather prominently®. 

In L ipton’ s*° appare ently homozygous 
infant, some of the elliptic red cells 
when suspended in phy siologic saline 
solution exhibited “the process of 
splitting as if reproducing by fission.” 
We have observed a similar phenome- 
non in a similar apparently homozygous 
infant as yet unreported. 

OTHER HEMATOLOGIC PHENOMENA. 
When erythrodestruction and erythro- 
production are accelerated the total 
erum bilirubin level may be elevated 


days, 


was over 


show 


tion of 
rounded 
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moderately, with the 1-minute or 
“direct” value being unaffected. Read- 
ings between 1.0 and 2.5 mg. per 100 
ml. often have been such 
cases?. 

Elliptic cells retain their distinctive 
shape in the blood stream of normal 
recipients, showing that the lesion is 
intrinsic in the stoma rather than a 
response to some factor in serum. Nor- 
mal red cells do not become elliptic 
when suspended in the plasma of a 
patient. 

Hemoglobin electrophoresis reveals 
a normal AA pattern, although a few 
instances have been recorded in which 
an abnormal hemoglobin was present 
coincidental 


noted in 


as a anomaly! (see be- 
low). The fetal hemoglobin was 0.55% 
of all hemoglobin in a_ 6-year-old 


girl with asymptomatic elliptocytosis 
studied by Bernard et al.?. Serum iron 
levels i 1 asymptom: itic cases are typ- 
ically withis normal limits. Stool uro- 
bilin content was at the upper limit of 
normal in 3 children with hemolytic 
elliptocytosis studied by Josephs**. 
Coombs tests and related tests for cir- 
culating antibodies are regularly nega- 
tive®. Elliptic red cells studied in vitro 
may show diminished reduction of 
autohemolysis in the presence of added 
glucose*® 

Unpublished studies recently carried 
out by this Laboratory in conjunction 
with Dr. Arthur Parpart and Earl Van 
Norman of Princeton University indi- 
cate that nonhemoglobin-containing el- 
liptic red cells (“ghosts”) and sections 
of whole red cells of heterozygous in- 
dividuals when studied by electron 
microscopy show fewer deviations from 
the normal than do the cells of a 
homozygote. The latter exhibit a 
variety of cytoplasmic variations from 
both the heterozygote and the normal. 

Clinical Expressions. Nearly all in- 
stances of hereditary elliptocy tosis 
which are on record have been found 
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by family surveys to be heterozygotes. 
Only a very few apparent homozygous 
individuals have been discovered: 
these are described separately in a later 
section Accordingly, except where 
otherwise specified, the comments in 
this Review are directed toward the 
manifestations of this disease in heter 
ozvgotes 

On the basis of the absence or sever 
ity of erythroproduction and erythro 
destruction, the disturbance in affected 
individuals has been subclassified as: 

1) latent or inactive: 


sated: Ol 


( om pe 
Affected 


individuals 


symptomatic. 
families usually contain 
who fit into each of these three groups. 

LATENT DISTURBANCE. An_ estimated 
of elliptocytic subjects are free 
from detectable physiologic evidences 
of anemia or of increased erythropro 
duction or erythrodestruction. In thes« 
individuals the existence of the anom 
aly is recognizable only through mor 
phologic study of the erythrocytes 

COMPENSATED DISTURBANCE. This term 
is applied when individuals exhibit 
clinical and laboratory signs of a mod 
erate increase in erythrodestruction, not 
sufficient to overtax the compensatory 
mechanisms which regulate erythro 
production. There is rubricytic hyper 
plasia in the bone marrow, slight ele 
vation of the total but not of the 1 
minute serum bilirubin level, a mild 
reticulocytosis, and normal or aug- 
mented excretion of urobilinogen and 
related pigments in stools and urine, 
The peripheral blood may show a mild 
or minimal diminution in level of cir 
culating hemoglobin and erythrocytes. 
When the iron intake is inadequate 
the anemia may be hypochromic rather 
than normochromic. The spleen tip may 
be palpable. Gallstones sometimes de- 
velop in later life. 

SYMPTOMATIC DISTURBANCE. This term 
is used when erythrodestruction out- 
strips hyperactive erythroproduction. 
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Anemia, hy perbilirubinemia, reticulo 


cytosis, jaundice, splenomegaly and 
other signs of excessive hemolysis be 
come apparent, though often inter 
Acute 
hemolvsis have been described 


Most of the reported patients with 


mittently. crises” of sudden 


overt signs of such pronounced hemo 
lvtic activity have been adults. The 
reports often include sketchy data on 
the other members of the families, in 
cluding children, but only a_ limited 
number of infants and voung children 
have been described in detail. A few 
recently reported examples follow 
Dacie, Mollison, Richardson, Selwyn 
and Shapiro® described 10-davy-old 
elliptocytic infant who was ill with a 
rapidly progressive hemolytic anemia. 
lransfusions had to be given at ap 
proximately monthly intervals until 
splenectomy was done at age 6 months 
Thereafter the anemia persisted but 
hemodestruction WasS h less marked 
and further transtusions were not 
needed. Post splene tomy blood exami 
nations showed marked  anisocytosis 
and many microspherocytes and irreg 
ular cell fragments. The father’s red 
cells seemed normal, but nearly all 
those of the 


(neither was anemic were oval 


mother and_ brother 
elliptic. 

Cathie and Goldsmith® (1953) re- 
corded a 7-vear-old British girl who 
had sporadic episodes of abdominal 
pain, vomiting and jaundice in asso 
ciation with dark feces since 24% years 
of age. When examined, she had a 
normochromic anemia, a total serum 
bilirubin of 2 mg. per 100 ml., a reticu 
locytosis of 2 to 5%, and a high per 
centage of elliptocytes in wet prepara 
tions. Her spleen, which extended 
inch below the costal margin, was 
removed surgically. On pathologic ex- 
amination this exhibited only conges- 
tion and slight excess of hemosiderin 
similar minimal changes have been 
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the rule in pathologic reports from 
other cases). Following operation the 
vomiting and jaundice disappeared but 
the elliptocytosis, normochromic ane- 
mia and mild hyperbilirubinemia per- 
sisted. A few other similar instances 
have been reported in both children 
and adults, in whom splenectomy was 
followed by amelioration of symptoms 
without much change in the hemato- 
logic pi ture 

Josephs and Avery”? (1955) described 
} male Negro infants with hereditary 
elliptocytosis and signs of increased 
hemolysis. One of these was discovered 
it the age of 2 months with a hemo- 
globin of 5.5 gm. per 100 ml., red cell 
count 2,860,000, reticulocytosis of 4.9%, 
normoblastic increase in the bone mar- 
row, and pronounced elliptocytosis 
with some poikilocytosis in the blood 
smear. Another elliptocytic child pre- 
sented at the age of 5 months with the 
reneral picture of iron-deficiency ane- 
mia which over the next 2 years was 
resistant to iron therapy. A third case 
first found to be anemic at 9 months, 
was interpreted as having iron defi- 
clency anemia responsive to iron ther- 
ipy in association with prominent 
elliptocytosis. The red cells of this last 
nfant, when studied with radioactive 
hromium (Crs;), had only a 50% sur- 
ival after 16 days. 

Influence of Age. Hunter! described 
n asymptomatic infant born to an 
lliptocytic mother who was studied 
rom birth through 12 days of life and 
gain at 3 months of age. In fresh prep- 
rations made of cord blood and in 
he neonatal period “a fair percentage 
| erythrocytes were oval and a few 
d a rodlike form. The exact number 
each was not determined. The dried 
m contained a small number of oval 
lls but almost no greatly elongated 

typical ellipses.” In a later fresh 
ecimen, obtained at 3 months of age, 
ere were 44.4% oval cells and 1.6% 
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elongated or irregular poikilocytes. 
“Many of the erythrocytes were now 
oval and in stained smears a fair pro- 
portion were rodlike with quite bluntly 
rounded ends.” There was “a very ob- 
vious increase” in abnormal forms as 
compared with the first 2 weeks of life. 

Helz and Menten'® followed an ellip- 
tocytic infant who had an affected 
father. The percentage of deformed 
cells in the infant remained at 25% 
from 3 months to 4 months, and then 
rose abruptly to the 65% level where 
it remained until the infant was last 
seen at 10 months. 

These observations are cited widely 
as the basis for the generalization that 
elliptocytosis may be mild or moderate 
at the time of birth and becomes more 
prominent in the first few months 
thereafter. A parallel is often drawn 
with sickle cell anemia, in which a 
similar lag in hematologic expressivity 
may be noted in the postneonatal pe- 
riod. The high neonatal level of fetal 
hemoglobin (which does not sickle) 
is believed to be responsible, at least 

part, for the inhibition of sickling 
phenomenon in infants with the sickle 
cell trait or disease. Since hereditary 
elliptocytosis appears to be a stromal 
anomaly, without any evident defect 
in hemoglobin, the content of fetal 
hemoglobin within the elliptic red 
cells cannot be expected to suppress 
this shape peculiarity. 

Inasmuch as technical factors or 
spontaneous variability may have been 
operative in Hunter's and Helz and 
Menten’s single patients, it would seem 
desirable to withhold judgment on any 
hypotheses concerning neonatal in- 
hibition of elliptocyte formation until 
after a number of such infants have 
been studied hematologically and such 
observations validated. 

The Homozygous Condition. Ideally, 
to establish an affected individual as 
a homozygote, it must be proven that 
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both parents possess the anomaly, that 
all offspring of marriage between the 
individual and a normal spouse give 
heterozygously affected children, and 
(from analogy with other  distur- 
bances ) that the clinical and hemato- 
logic expressions of the disorder are 
more developed than in the usual heter- 
ozygote. All these conditions are not 
always fully establishable, though 
ancillary data may be suggestive. 

Examples of such presumed homo- 
zygotes are very few. Undritz*’ has 
described an affected grandfather with 
hemolytic symptoms whose parents 
were first cousins. In this man all the 
circulating erythrocytes were elliptic 
and severely deformed. All 3 of his 
children and 2 of 5 grandchildren had 
asymptomatic elliptocytosis, with much 
less pronounced alterations in their red 
cells. 

Wyandt et al.*? mention a family in 
which both parents exhibited ‘the 
anomaly. Two of their children had 
normal erythrocytes and 2 died with- 
out the blood being studied. The fifth 
child showed 95% elliptic cells, sphero- 
cytes, splenomegaly, increased osmotic 
fragility of the red cells, 2.3% reticulo- 
cytes, skin icterus, and “crises” of acute 
hemodestruction. 

In Lipton’s*® infant, jaundice and 
anemia became evident during the first 
months of life. The parents were third 
cousins of Italian descent. Both parents, 
the mother’s mother, the father’s father, 
and a few others in the immediate 
family had elliptocytosis, with 60 to 
75% of the cells being clearly altered: 
none of these exhibited anemia or evi- 
dences of hemolysis. The infant, how- 
ever, had overt recurrent normo- 
chromic anemia and signs of excessive 
red cell destruction. From 50 to 70% 
of the circulating red cells were elliptic 
and the remainder exhibited anisocyto- 
sis and poikilocytosis; achromia and 
round target forms were also noted. 


There was marked erythroid hyper 
plasia of the bone marrow, genes 
binemia, increased serum iron, and i 
creased output of fecal 
Immunologic studies were negative. 
The fetal hemoglobin content of the 
red cells was not elevated, and their 
osmotic fragility not increased. There 
was no sickling, and electrophoretic 
studies showed no abnormal hemo- 
globin. Normal donor cells transfused 
into the infant had a normal survival 
time. Splenectomy resulted in marked 
but not complete alleviation of the 
hemolytic phenomena; the red _ cell 
morphology was little altered. 

Another 
Lipton’s infant was microcytosis. Ap- 


hematologic feature in 


20% of all red cells had 
lengths of 6.9 microns or less, and 
these approximately half were elliptic. 
In none of the other members of this 
family did the microcytes exceed 5% 
of all circulating red cells and most of 
the smaller cells had lengths not much 
less than 6.9 microns. In all these other 
members the elliptocytes were homo- 
genously uniform in contour, without 
the extreme distortions displayed by 
the infant. 

Hybrid Combinations. There is no 
a priori reason for assuming that ellip- 
tocytosis may not occur occasionally by 
chance in association with some other 
hereditary blood dyscrasia. A few in- 
stances have already been identified, 
as summarized below. In these the 
results of the association seem to be 
largely additive rather than synergistic 
Many more established instances of 
elliptocytosis occurring in association 
with other genetic anomalies of the 
red cells and hemoglobin will have to 
be analyzed before the complete pat- 
tern of the hematology of such hybrid 
disturbances can be elucidated. 

Numerous authors have suggested 
that the exhibition of signs of undue 
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hemolysis, as found in a minority of 
apparently heterozygotic e lliptocytic S, 
may result from either of two genetic 
mechanisms. There may be a_pro- 
nounced degree of e xpressivity of the 
trait in heterozygotes, as exe ‘plified 
by the he molytic symptoms with micro- 
spherocytosis found in three different 
branches of the family described by 
Holst-Larsen?®. As Dacie® points out, 
it would be most improbable that the 
gene tor elliptocytosis would occur in 
the homozygous state in each of the 
three branches. The other possibility is 
that the gene for elliptocytosis may be 
combined with that of some other 
genetic anomaly (or anomalies) as vet 
unrecognized. Thus Lipton**, impressed 
with the great numbers of microsphero- 
cytes in his apparently homozygous pa- 
tient, has proposed that this phe nome- 
non results from “a genetic dete rmini int 
other than the gene for ettiptic itv. 
HEMOGLOBIN C TRAIT. Avery! re ported 
2 Negro children, brother and sister, 
who exhibited simultaneously both 
hereditary elliptocytosis and the hemo- 
globin C trait. The girl, who also had 
mild lead poisoning, was studied from 
the ages of 20 to 27 months. Her blood 
hemoglobin level rose from 6.6 gm. to 
ipproximately 10 gm. in 3 months with 
ral iron therapy and then remained 
it that level. There was no persistent 
eticulocytosis, and the red cell survival 
time using radioactive Cr;,; was within 
the range of normal. The boy had 
ww hemoglobin level at age 3 years, 
ut 2 months of iron therapy raised 
this to 10.8 gm. When he was studied 
iore intensely at 7% years of age he 
iad a hemoglobin level of 11.4 gm. 
oth of these children exhibited numer- 
us elliptic cells in the blood smears 
nd showed the electrophoretic pattern 
hemoglobin C trait as well. Neither 
id hepatosplenomegaly, icterus, or 
vidences of accelerated hemolysis. 
he father’s blood contained about 15% 
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elliptic cells; he was not anemic. The 
mother, who carried the hemoglobin C 
trait, had no elliptocytes. One other 
sibling, with marked elliptocytosis and 
a normal electrophoretic hemoglobin 
pattern, exhibited a mild well-compen- 
sated hemolytic tendency. 

SICKLE CELL TRAIT. Faden™ has re- 
ported a 25-year-old Negro male with 
persistent mild anemia who presented 
the peripheral blood picture of ellipto- 
cytosis along with the sickle cell trait. 
Sickling of the “holly-leaf” type occur- 
red only in the normal-appearing 
discoid red blood cells. In the blood 
smears his red cells exhibited “65 to 
84% ovalocytes, 3 to 11% sickled cells, 
and some normal appearing discoid 
cells. The red blood cell counts and 
blood indices were within normal limi- 
tation. The red blood cells showed an 
increased resistance to hypotonic saline 
solutions.” A family survey and hemo- 
globin electrophoresis studies were not 
made. 

Therapy. Hereditary  elliptocytosis 
thus appears to be a wholly benign 
condition in all but a small percentage 
of affected individuals. Transfusions 
may be given when thought necessary 
for refractory low hemoglobin levels. 
An augmented iron ints ike may be ad- 
visable in the early. years while body 
growth is rapid, in order to minimize 
the opportunity for secondary iron 
deficiency. When erythrodestruction is 
very active, or when other signs of 
hypersple nism are evident in the form 
of granulocytopenia or thrombocyto- 
penia, splenectomy may be considered; 
the operation may be followed by a 
partial alleviation of the hemolytic 
symptoms. No reports have been found 
on the possible nonspecific effect of 
adrenocortical hormones in retarding 
the accelerated hemodestructive proc- 
ess. A long life span is exhibited by 
nearly all cases. 
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MALIGNANT lesions of the vulva, 
ivina, uterus, tubes and ovaries ex- 
liate cells which may be identified in 
Papanicolaou" first 


eported the recognition of cancer cells 


the vaginal smear in 1928. The im- 
rtance of this discovery and the po- 
ntialities of its use in study, diagnosis, 


nd treatment of genital malignancy 


not generally recognize until 
41 when Papanicolaou and Traut*! 
blished their classic paper, “Diagnos- 
Value of Vaginal Smears in Carci- 
ma of the Uterus.” Since 1941 many 
estigators have reported on the 
ntification of normal, atypical, and 
lignant cells exfoliated from the 
nital tract and the relationship of 
se cells in the development, diag- 
is, and prognosis of gynecological 
lignancy. 
DENTIFICATION OF NORMAL EXFOLI- 
D CELLS. Papanicolaou et al.™, 
anicolaou and Traut®?, and others*: 
have described the normal cells 


{ASCOE, M.D. 
AN CANCER SOCIETY 


ology, Hospital of the University of Pennsyl- 
Pennsylvania ) 


exfoliated from the female genital tract. 
Exfoliated cells from the vagina, 
cervix, endocervix, and endometrium 
may be identified in the vaginal smear. 
The vagina and pars vaginalis of the 
cervix are covered by stratified squa- 
mous epithelial cells. The squamous 
epithelium of the female genital tract 
is divided into four layers: the germinal 
layer, the transitional layer or basal 
layer, the intermediate layer and the 
superficial layer. The germinal cells are 
located just above the basement mem- 
brane and usually are not exfoliated 
into the vaginal pool as are the other 
three types. The basal cells, sometimes 
called parabasal cells, originate from 
the transitional layer of the epithelium. 
The inner basal cells are small and 
round with a basophilic cytoplasm and 
a- round or oval nucleus. The outer 
basal cells are also round or oval but 
somewhat larger than the inner ones. 
The cytoplasm does not stain as deeply 
basophilic and the amount of peri- 


(713 ) 


| 


714 The 


The cells 
intermediate 


nuclear cytoplasm is greater. 
that originate from the 
aver of the squamous epithelium are 
| f tl | | thel 

than the basal 
elongated elliptical. 
arger, have a tendency to de elongate 
larger, | tend to be elongated 
pushed towards the 
periphery of the cell. The cytoplasm 
yasophilic but may 
phil but 


large! cells and are 


The nuclei are 
and may be 


is usually 


acidophilic Vacuolization in the cyto- 


plasm is frequent. These cells have 


Ce illed 


promime nt in gnancy, 


cells and are 
The exfoliated 
cells that originate from the superficial 


been navicular 


layer of the squamous epithelium can 
be divided into three types. These cells 
and flat with an 
of cytoplasm. The 
have pale 
a vesicular nucleus. 


abundance 
precornified cells 
basophilic cytoplasm with 


are large 


The cornified cells 
have acidophilic cytoplasm and a 
pyknotic nucleus. The keratinized cells 
stain orange and the nucleus has 
disappeared. 

The cervical canal is lined by tall 
columnar epithelial cells with ‘basal 
nuclei. These cells have been called 
the “picket type of epithelium. 
The columnar cells 


fence” 
from the endo- 
cervix are exfoliated and may be found 
in the vaginal smears. In some instances 
they may be well preserved and have 
the same appearance as in histological 
Cilia may be 


seen at the end of these well-preserved 


sections of the cervix. 
cells and the cytoplasm stains pink. 
These cells degenerate rapidly and in 
many instances only wisps of cyto- 
plasm may remain or, if complete de- 
generation has taken place, the nucleus 
appears free of cytopl: ism. 
of the granular 
with an occasional clump of chromatin 
and they vary markedly in size. 
Endometrial cells may be identified 
They degenerate 
rapidly and there is only a suggestion 
of cytoplasm surrounding the nuclei. 


The cell walls have no definite cellular 


The nuclei 
endocervical cells are 


in vaginal smears. 
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distinct sur- 
rounding membranes, are uniform in 
size, and appear dark and active with 
chromatin in small clumps. The cells 
frequently appear in groups and over- 


borders. The nuclei have 


lap one another. 
Other 
vaginal 


cells which are seen in the 

which not 
genital tract, are 
leukocytes, lymphocytes, 
and red blood cells. The histiocyte may 
difficulty in identification. 


bean 


smear, but 
originate from the 
histiocevtes, 
cause some 
The histiocvte has round, 
shaped, or oval eccentric nucleus which 
because of the 


fine ly 


appears to be active 
small clumps of chromatin. The 
vacuolated or foamy cytoplasm stains 
green. 
IDENTIFICATION OF MALIGNANT CELLS. 
Papanicolaou and Traut*! in 194] de- 
scribed the criteria necessary for the 


diagnosis of malignancy by vaginal 
In their monograph in 1943 


thev described in great detail the char- 


smear. 


acteristics of the exfoliated cells found 


in uterine cancer’?. Malignant cells, 
exfoliated from squamous cell carci- 
noma of the cervix, have large nuclei 


with 
chromatin. One or more 


hyperchromasia and clumped 
nucleoli may 
be prominent and multinucleation is 
sometimes seen. The nuclei may vary 


in size and shape and the nuclear mem- 


brane may be irregular or bulging. The 


chromatin frequently collects around 
the edge of the 
distinct nuclea 


nucleus to give it a 
The malig- 
nant have little 
or no cytopl ism with ill-defined cell 


r membrane. 
squamous ce ‘Ils may 


borders or the cytoplasm may be well 
preserved with a definite cell wall 
visible. 

The exfoliated cells in adenocarci 
noma are not as large and as prominent 
as those seen in squamous cell carci 
noma. Grouping of these cells is fre 
quent. The have distinct 
cellular borders with freque nt vacuoles 
in the cytoplasm. Inclusions of whit 


cells may 
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cells, plasma cells and cellular debris 
may be seen in the vacuoles. Other ex- 
foliated adenocarcinoma cells have only 
i faint and ill-defined ism with 
nuclei 
a sharp nuclear outline. 
Variation in size is marked and the 
nucleoli may vary in number and size. 
hyperchromatic, 
appeal black and are eccentric. 

The Staff of the Cytological Labora- 
tory of the Vincent Memorial Hos- 
pital'** in their book “The Cytologic 
Diagnosis of Cancer” have presented 
i well-organized classification of ma- 


indistinct cell membranes. The 
are larger than normal 


cells and have 


The nuclei are some 


times 


lignant cells. The malignant squamous 
divided into the undiffer- 
entiated and the differentiated types. 
The undifferentiated malignant 


mous cells have no visible cytoplasm 


cells Can be 


squa- 
or only a background of cytoplasm 
surrounding the malignant nucleus. In 
the differentiated malignant cell, the 
ytoplasm is prominent with  well- 
lefined cell These 
livided into three groups depending 
Ipon the 
ells The 


nd thin, shaped like a smooth muscle 


borders. cells are 
appearance and shape of the 
fiber or snake cell is long 


ell and contains an elongated, abnor- 
The tadpole cell is large 
ith sharply defined cellular borders 
id a long tail of cytoplasm. Their 
iclei fill the malignancy. 
he last type of differentiated malig- 
nt cell is called “third type differen- 
ted cell 


moderate 


val leus 


criteria of 


This is a round cell with 
amount of cytopl ism con- 
ning a malignant nucleus. The cell 
I] ‘Il-defined and the ‘lear 

IS well-dehned and the nuclear- 
toplasmic ratio is altered from the 


rmal. Other bizarre cells in which 


nuclear and cytoplasmic malforma- 
s are more pronounced mi iv be 
id in the differentiated types of 


iamous cell carcinoma. 
Malignant cells of 
divided 


adenocarcinoma 


also be into undifferen- 
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tiated and differentiated depending on 
the prominence of the cytoplasm. Un- 
differentiated adenocarcinoma cells 
are found in tight clusters with only 
a faint background of cytoplasm and 
the nuclei fill the criteria for malig- 
The differentiated cells appear 
have distinct cell 
walls and the nuclei are eccentric. 
Cytological malignant 
lesions of the fundus may 
have certain other generalized charac- 
Histiocytes, leuko- 
bacteria are numerous. 
Blood is seen as red blood cells, fibrin, 
and blood pigment. Cytoplasm of the 
benign basal cells may take an acido- 
philic rather than basophilic. 
Basophilic squamous cells with large 
benign appearing nuclei are frequently 
noted 


nancy. 

in loose clusters, 
smears in 
cervix or 
cytes, and 


stain 


under low power in cases of 
squamous cell carcinoma of the cervix. 
Liu® has shown that in carcinoma of 
the uterus a greater cornification is 
noted in the vaginal smear than in pa- 
tients of the groups who 
do not have genital cancer. The per- 
centage of basal cells is also increased 


Same age 


in smears of cervical cancer and with 
cornified cells and 
basal cells there is a resulting decrease 


this increase of 
of precornified cells**:"* 

METHODS OF SMEAR PREPARATION. The 
proper technique of obtaining cyto- 
logical material and the preparation of 
the smear is most important*?.9?-951°°, 
For a complete cytological evaluation 
of the genital tract, smears 
should be obtained from the vagina, 
endocervix, and endometrium. 
Each of these slides should be labeled 
as to their origin because of the aid 

identification of the exfoliated cells. 

In the earlier reports only the secre- 
tions from the vagina were used for 
cytological study in the diagnosis of 
gy necologic: il 
It is important that the patient not 
douche and the clinician not examine 


female 


Cervix, 
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the patient prior to taking the smear. 
The patient is placed on the examining 
table, the labia are spread and an 
eight-inch glass pipette with a rubber 
suction bulb is inserted into the vagina. 
Aspiration from the posterior vaginal 
fornix is done and the material is spread 
on a clean glass microscopic slide. The 
secretion aspirated from the posterior 
vaginal fornix contains cells which have 
been exfoliated from the entire genital 
tract. This continues to be the first 
step in the collection of material. 

Direct cervical smears are of more 
value in the diagnosis of cervical 
cancer than those by vaginal aspira- 
Flere there is 
a selectivity of the cells and the cells 
are better preserved than those exfoli- 
ated into the vaginal pool. Several 
methods are available in obtaining ma 
terial from the cervix. Ayre*t devised 
a wooden spatula which is used to ob- 
tain cervical cells from the squamo- 
columnar junction. The cervix is ex- 
posed with a speculum, the excessive 
mucus is removed by a swab and the 
end of the spatula is placed into the 
external os. By turning the spatula 
fresh cells are scraped from the surface 
of the cervix. Cotton-tipped applicators 
have been used to obtain ‘cytological 
specimens from the 
Murray™* developed a modified tech- 
nique for the collection of cervical ma- 
terial for cyto-diagnosis. He has used 
a collodion-coated cotton applicator 
which, after swabbing the cervix, is 
placed in the fixative solution of ether- 
alcohol. This dissolves the collodion 
and separates the material which is 
then placed on a slide for staining and 
examination. 

The endocervical aspiration smear 
contains cells that originate from lesions 
of the These 
might be missed in the surface smear 
of the cervix. A metal or glass cannula 
may be used in obtaining aspirations 


from the endocervical canal''?. The 
cannula is inserted into the external 
os and suction is applied. Clyman’* 
has described a cannula made _ of 
polyethylene tubing used for aspiration 
of the endocervical secretions. Mac- 
Lean*® 
plastic cervical cap which may be 
placed over the cervix for 24 hours to 


has suggested the use of a 


collect material for cytological study. 

Endometrial aspiration smears are of 
value in the diagnosis of carcinoma of 
the uterine Cary!? 


advised the introduction of a metal 


cannula into the endometrial cavity for 
this purpose. The polyethylene cannula 
devised by Clyman'® has also been 
aspirations. 
Hecht®* has used the Killian antrum 
cannula for obtaining endometrial 


used for endometrial 


aspiration smears. A 10-ml. syringe is 
used to apply suction. The cervical 
mucus is removed from the cervical 
canal and the cervix is cleansed with 
1 to 1000 solution of zepharin. The 
cannula is inserted into the uterine 
cavity as one does a uterine sound and 
suction is applied. The suction is re- 
leased before the cannula is removed 
so as not to contaminate the specimen 
with endocervical cells as the tip of 
the cannula passes through the cervical 
canal. The surface of the cannula is 
then wiped clean before the material 
is expressed onto the slide. A “pure” 
endometrial aspiration smear may be 
obtained with this technique. Ayre* 
and MacLean’ have reported the us« 
of an endometrial brush in obtaining 
material from the uterine fundus. This 
brush removes cells from the endo 
metrium by a gentle scraping actior 
and enables one to have fresh cell 
for cyto-diagnosis. 

In mass screening for uterine carci 
noma a simple method for collectior 
of adequate material from the genita 
tract is necessary. In population screen 
ing, the patient introduction of a dam} 
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cotton swab in a vaginal applicator of 
cardboard or rubber tube has been 
recommended for the collection of ma- 
terial from the vagina*’. Brunschwig" 
found the Draghi tampon (a tampon 
covered with nylon) method afforded 
reliable means in 98.7% of the patients 
tested for cervical cancer. The material 
obtained from the tampon left in the 
vagina overnight appeared to be most 
satisfactory in collection of the cyto- 
logical material. Thornton! reported 
in accuracy of 90.5% in the use of 
tampons for mass screening in cervical 
cancer. As to the diagnosis of carcinoma 
of the endometrium, the use of the 
Draghi tampon has also been found to 
be effective when the tampon is left in 
the vagina overnight. Eighty-seven per 
cent of the smears made by the tampon 
method from 23 patients with endo- 
metrial carcinoma were positive for 
malignancy (Brunschwig'*). The smears 
collected by this method were re- 
viewed by Papanicolaou** as to their 
quality. Dryness of the cells was pres- 
ent but not to the extent one would 
‘pect. The tampon method does not 
provide as adequate material as a 
routine type of smear but the method 
loes seem satisfactory for mass screen- 
ng. Scott et al" compared the ac- 
uracy of diagnosis of the Draghi tam- 
on technique with material obtained 
both endocervical aspiration and 
raping the surface of the cervix in 
stances of atypical hyperplasia, car- 
noma in situ, invasive carcinoma, and 
idometrial carcinoma. The tampon 
ethod was not as accurate in the 
gnosis of atypical hyperplasia or 
rcinoma in situ. It was satisfactory 
the diagnosis of invasive cervical 
ncer and it appeared to be more 
in the diagnosis of carcinoma of the 
terine fundus than did the cervical 
d endocervical smears. Bader et al.® 
ve shown that the tampon smear 
mpares favorably with the vagino- 
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cervical smear in the diagnosis of 
uterine cancer. Their investigation 
showed that the optimal time for the 
tampon to remain in the vagina for 
collection of material was | to 2 hours. 
Nieburgs’® reported on the use of a 
modified menstrual tampon for collec- 
tion of exfoliated cells from the vagina. 
The cotton was removed from the upper 
end of the tampon and was replaced 
by a nylon sponge. The material col- 
lected on the nylon sponge was smeared 
by drawing the sponge through a box 
conti ining two microscopic slides. He 
found a 100% accuracy by this method 
after the tampon hi id been left in the 
vagina for 4 hours. It was noted that 
the cells collected by this method 
seemed larger and the chromatin dis- 
tribution in the nucleus was less evi- 
dent. Oppenheim™ found the collodion- 
coated applicator developed by Murray 
to be satisfactory for the collection of 
material in mass screening. 

The material obtained for cytologi- 
cal study by any of the above methods 
should be expressed on a clean, dry 
microscopic slide. It should then be 
spread evenly to form a thin smear. 
Thick smears do not stain well and are 
difficult to interpret because of the 
overlapping of cells. Immediate fixa- 
tion of the smears half ether and 
half 90% alcohol is done to prevent 
drying. The cells of dry smears become 
swolles n, lose their structural character- 
istics, and stain unsatisfactorily. The 
slides should stay in the fixative at least 
1 hour before staining, although they 
may stay in the fixative as long as 2 
weeks without bad effects!®®. Papani- 
colaou and Bridges*® have suggested a 
simple method to prevent drying of the 
smears during mailing. A solution of 
diaphane is placed over the freshly 
prepared slide and allowed to dry. 
This preserves the material and the 
diaphane can be removed easily by 
placing the slide in alcohol-ether prep- 
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aration. Staining can then be carried 
out in the routine manner. 

CARCINOMA OF THE CERVIX. The value 
of cytology in the diagnosis of malig- 
nancy of the cervix has _ been 
upon the accuracy of the cytological 
technique in the diagnosis of cervical 
cancer have varied from 70% to 98@!:*}#" 
16.47,49.94,75° The smear is a valuable 
adjunct in the diagnosis of unsuspected 
invasive carcinoma, carcinoma in situ, 


lesions otf the 
\ 


and precancerous 
cervix! cer- 
vix that appears normal on clinical 
examination may harbor an _ early 
cancer and it is in this type of lesion 
that the cytological technique is of the 
utmost value. Ayre’ has demonstrated 
the “inadequacy of basing the cancer 
search upon symptomatology.” He 
found 89 (1.69%) cases of proven 
cancer in 5,278 women having cervical 
cvtology studies. Forty-eight of these 
cases were early and curable. In the 
clinically negative group of women 
the incidence of cancer was 1.3%. In 
the group with suggestive clinical find- 
ings the incidence was only 2.1%. 
Cancer of the cervix should be de- 
tected at a stage when it is curable 
and this can be accomplished through 
the use of cytology. In the Memphis 
study, 108,000 women were screened 
by the vaginal aspiration smear for 
uterine cancer**. The study resulted in 
the diagnosis of 373 invasive carci- 
nomas, of which were not. sus- 
pected, and 393 noninvasive carci- 
nomas, of which 90% were not 
suspected. Burns and Hartung!’ re- 
ported 54 cervical cancers in 6,437 
women who were examined and 
studied cytologically, of which 22 
were unsuspected on clinical examina- 
tion. Reagan and Scott!* reported 100 
cases ol squamous cell carcinoma of 
the cervix of which 14 were detected 
solely by the cytological technique. Ten 


of these lesions were intra-epithelial 
and 4 were invasive. Slate et al. 
found 20 cases of invasive carcinoma, 
14 cases of preinvasive carcinoma, and 
14 cases of premalignant lesions in 104 
positive or suspicious smears among 
8,148 private patients. Eighty per cent 
of the preinvasive lesions and 5% of 
the invasive lesions would have been 
missed but for the routine cytological 
study. Anderson et al.* detected 45 out 
of 50 cervical cancers from the study 
of smears in 3,000 unsuspected cases. 
Eighty per cent of these were pre- 
invasive cancer. Wrobel'?* found 18 
cases of unsuspected cancer in 4,200 
women studied by vaginal smears. Ten 
of these positive cases were early in- 
vasive and 8 were in situ. Neiburgs 
and Pund*® reported 22 cases of pre- 
invasive cancer among 3,700 women 
studied by endocervical smears 
Malinconico™ has shown the value of 
the vaginal smear in diagnosis of early 
malignant lesions of the cervix in preg- 
nancy. In a cytological study of 680 
obstetrical patients, 17 positive smears 
were found. Seven of these smears re- 
verted to negative in the postpartum 
course and of the 10 cases that re- 
niained positive, were proven to 
have carcinoma in situ and one invasive 
carcinoma by biopsy 

The source of the material obtained 
for cytological study affects the ac 
curacy in diagnosis of cervical carci 
noma. Smears from the cervix, eithe: 
scrapings from the portio or aspirations 
from the endocervix, give a higher de 
gree of correct positive diagnosis of 
cervical cancer than vagina 
The concentra 
tion of malignant cells is not as grea 
in vaginal aspirations as they are it 
smears obtained directly from th 
cervix. Endocervical aspirations ma\ 
show malignant cells in the smear prep 
aration when the smear from. th 
surface of the cervix is negative 
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Kulcsar’s*' comparative study of vagi- 
nal smears and cervical smears in 
carcinoma in situ showed the vaginal 
smear to be negative in 45% of the 
cases and the cervical smear to be neg- 
itive in only 7% of the cases. Wied'*! 
obtained cellular material the 
vagina, surface of the cervix, and endo- 
cervix in cases of clinically evident 
arcinoma and of subclinical (early 
nvasion or noninvasive ) carcinoma. He 
found the cervical smear to be of more 
diagnostic value in the clinically evi- 
dent and the endocervical smear of 
more value in the subclinical group. 
The incidence of false negative 
smears of cancer of the cervix is about 
42,47, Proper screening 
of the cytological slide is necessary so 
not to overlook an occasional ma- 
lignant cell that might be present. 
Misinterpretation — of cancer — cells, 
bloody or thick smears, and poor fixa- 
lead to false negative results!” <0. 
Malignant cells may degenerate or may 
iot exfoliate and thus not be found in 
uutine smears. The use of the cervical 
nd endocervical smear instead of the 
ginal smear alone should decrease 
incidence of false ye reports 
cervical cancer®!:100.12 
lhe incidence of false positive smears 
ries from less than 1% to 5@?:42-47.54.67 
Inflammatory changes in exfoli- 
d cells may cause a false positive 
erpretation of the 
chomonas infection of the lower 
\ital tract causes most atypical cellu- 
changes which may be falsely diag- 
ed as cancer. Bechtold and Reicher" 
lied atypia in cytological smears of 
cases of trichomonas infestations. 
vy found that the atypical changes 
re reversible 2 months after specific 
rapy for trichomonas vaginalis had 
n started. Cervical polyps, hyper- 
ia of the endocervical and endo- 
trial epithelium, misinterpretation 
\istiocytes and cellular changes in- 
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cause false 
errors” Graham and 
McGraw" reported 70 false positive 
smears in the study of 8,133 cases. Most 
of these errors were based on faulty 
interpretation of histiocytes and atypi- 
cal inflammatory changes in basal cells 
and endocervical cells. 


cident to pregnancy may 
positive 


26,81 


The problem of false negative and 
false positive smears has been sum- 
“If criteria for the 
diagnosis of malignancy were relaxed, 


marized as follows: 


the incidence of false negative smears 
would drop and the test would become 
more sensitive. However, the rate of 
false positives would undoubtedly rise 
the test would be less spe cific.” 

Treatment should never be instituted 
on the basis of a positive smear with- 
out histological confirmation of the 
cytological findings®*°. The clinician 
should not let himself fall into a state 
of false security on the basis of a nega- 
tive smear. A negative smear does not 
rule out cervical cancer. 

It is not always possible to differen- 
tiate invasive carcinoma from. carci- 
noma in situ by the cytological tech- 
nique, however certain changes may 
be found in cytological smears which 
suggest noninvasive carcinoma. Papani- 
colaou*™ has used the term “dyskaryosis” 
to designate these early changes. 
“Dyskaryosis’ means abnormal nucleus. 
Dy ‘ski iryotic cells may be found in 
smears of patie nts with invasive Carci- 
noma. The cytological findings in car- 
cinoma in situ have been described by 
several authors®?: 100.102.105.108) The nu- 
cleus is enlarged, hyperchromatic, and 
is round or oval. The chromatin pattern 
may be dense and the nucleus will ap- 
pear solid, or the chromatin may be 
arranged in irregular clumps. There 
is an alteration in the nuclear-cyto- 
plasmic ratio due to the increase in 
nuclear size. These cells are round or 
oval, the cytoplasm is well-defined and 
it may frequently stain orange. Dys- 
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720 The 
karyotic cells can be identified as to 
the squamous epithelium from which 
they originate ( parabasal cell dyskaryo- 
cell dyskaryosis, and 
superficial cell dyskaryosis ). Dyskarvo- 


tic cells usually 


sis, intermediate 


appear as single cells 
preparation. The more 
malignant cells as the tad- 
pole cell, fiber cell, and the undifferen- 
tiated malignant cells are not 


seen 


in the smear 
abnormal 


usually 
smears of noninvasive cancer. 

Cytologists have attempted to iden- 
tify characteristics in vaginal smears 
which are 
\yre' precancer 
cell complex” to identify these changes. 
He reported 7 cases of “precancer cell 
complex” of which 6 developed cancer 
cells in 6 to 1S months. The 


ce I] comple x is 


precursors of carcinoma in 


situ. has used the term “ 


precancer 
characterized by an 
increase of cornified cells and pa il 
cornified cells with large, multiple, o 

bizarre-shaped nuclei. The nuclei are 
hyperactive in appearance, hyperchro- 
matic, and have a_peri- 
halo. Hyperactive basal cells 
occur frequently. Koss Durfee*” 
reported 4 cases of carcinoma in 
which had been followed by vaginal 
smears prior to the development of the 
None. of 
characteristic changes to suggest a pre- 
malignant state. 

Atypical cervical lesions, as basal cell 
hyperplasia, may exfoliate dyskaryotic 
or dysplastic cells. I apid®, in the study 
of the vaginal sme ars on 2.000 women, 
found 12 dyskaryosis 
on biopsy were not 


sometimes 
nucleai 
and 
situ 


lesion. these smears showed 


which 
with 
Reagan!”*, in a 
' carcinoma in situ and 
plastic cells, that in some in- 
dysplasia and carcinoma 
differentiated by the 


Cases ot 
associated 
carcinoma in situ. 
study of dys- 
found 
stances the 


in situ could be 


smear method. The dysplastic cells 
were more likely to be polyhedral 
rather than round or oval. Cells of 


— isia were larger and more var- 
iable in size. The nucleus, which ap- 
pears pened with widely dispersed 
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particles of chromatin, did not take 
up as much of the cell area as seen in 
cells of noninvasive carcinoma. He 
found that cells were more 
frequently seen in the smear of dys- 
plasia than in carcinoma in situ. 

All cervical 
tected by cytological smears or cervical 


sheets of 


cancers cannot be de- 
biopsies. The combination of the smear 
and the biopsy gives the greatest ac 
cervical 


curacy in the diagnosis of 


carcinoma. In early carcinoma of the 
cervix the biopsy may miss the lesion, 


especially the one that arises in the 


cervical canal. The biopsy is limited 
and shows the histology in only the 
area from which the was 


specimen 
taken. Small biopsy specimens may be 
cut in the pathological labor: itory so 
as not to show the malignant changes. 
on the other hand, 
eral sampling of the 
from the cervix. 
Graham et al.** in a study of 15] 
proven cervical cancers, found the first 
biopsy to be positive in 90% of the 
The first smear report was posi 
91% of the When the 
smear and the biopsy were used to 
gether, the accuracy of 
cancer of the Dar 
et al.*1 found the smear technique t 
be more accurate than the biopsy in 
the diagnosis of cervical cancer. He 


Smears, give a gen 


exfoliated cells 


Cases. 
tive in cases. 
diagnosis of 


cervix was 99%. 


reported 43 positive smears and 39 
positive biopsies among 43. cervica! 


in the study of 50 
Lombard et. al.' 
reported 47 cases of cervical carcinom 
diagnosed by the smear technique i 
6,265 women. The first biopsy from 
of these cancers was negative. Mars! 
and Hellman™? found that the sme: 
technique and the multiple _biops: 
technique gave about the same results 
in the detection of cancer. In the 
study the biopsy missed 2 of 4 invasi\ 
cervical cancers and the smear: missed 
6 of 17 noninvasive lesions. 
ENDOMETRIAL CARCINOMA. The dia 


cancers detected 


abnormal cervices. 
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nosis of endometrial carcinoma by the 
cytological technique has not been as 
accurate as it cervical 
19,103,106,110,118 121,125° Papani- 
colaou and Traut®*? reported 7 failures 
in the diagnosis of 53 cases of carci- 


cancer- 


noma of the fundus by vaginal smear. 
Graham and Meigs‘? in their early 
studies reported a 70% accuracy in the 
diagnosis of carcinoma of the fundus 
by vaginal and cervical smear. Rakoff*® 
in a study of 418 cases, found malig- 


nant cells in the vagina! smear of 2 out 
of 4 carcinomas of the fundus. Scheftey 
% error in the 
diagnosis of carcinoma of the fundus 
by the cytological technique. Fremont- 
Smith and Graham*' reported 20 
20.4%) negative vaginal smears in 98 
cancers of the endometrium. Bruden- 


et reported a 33 


ell'* found 5 false negative smears in 
cervical scrapings and vaginal aspira- 
tions of 16 endometrial cancers. 
Gusberg*® reported a 69.8% accuracy, 
and Anderson et al.* reported an ac- 
curacy of 60% in the diagnosis of carci- 
noma of the endometrium by the cyto- 
logical technique. 

The malignant characteristics seen 
in cells of carcinoma of the fundus are 
not as striking as those of cervical can- 
cer. Exfoliated endometrial cells tend 
to degenerate before they reach the 
vagina, to make their identification 
difficult. The concentration of endo- 
metrial malignant cells is not as great 
in the vaginal and cervical smears as 
cervical cancer cells. As carcinoma of 
the endometrium usually is a disease 
ff the postmenopausal woman, malig- 
nant cells from the endometrium may 
not reach the vagina because of 
itrophic cervical stenosis. Meigs*® re- 


ported 16 negative vaginal smears in 
SO cases of carcinoma of the endo- 
metrium. The 16 negative slides were 
reviewed in an attempt to detect over- 
looked cancer cells. No malignant cells 
vere found in 12 of these cases. 
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According to Papanicolaou and 
Marchetti®® smears from the endocer- 
vix and endometrium rather than from 
the vagina are more accurate in the 
diagnosis of cancer of the corpus. The 
introduction of the endometrial aspira- 
tion smear has increased the accuracy 
in the diagnosis of corpus cancer®®5)5? 
53,106,121 Reagan and Schmidt! in 
their study of cervical and endocervical 
smears found 30 positive smears in 34 
cases of endometrial cancer. Reagan 
and Sommerville’®’ compared the 
value of endocervical aspiration and 
the endometrial aspiration in the diag- 
nosis of carcinoma of the corpus. Of 
the 395 patients studied, 20 were 
proven to have carcinoma among whom 
the endocervical smear was positive in 
14 cases and the endometrial smear in 
18 cases. Hecht®* has reported an ac- 
curacy of 92.3% in the use of the endo- 
metrial aspiration smear in the diagno- 
sis of corporeal cancer. 

The accuracy in the diagnosis of 
endometrial carcinoma will be in- 
creased, as in cervical cancer, if the 
smear technique is used in conjunction 
with biopsy. Early cancers of the endo- 
metrium may be missed at the time 
of curettage because of inadequate 
scrapings or irregularities of the endo- 
metrial surface®*. However, the small 
lesions usually do exfoliate an abun- 
dance of cells for cytological study to 
enable the diagnosis of fundal cancer 
by endometrial aspiration when the 
curettage fails. Hecht®* reported 6 
cases of corpus cancer diagnosed by 
endometrial aspiration smears but 
missed on curettage. All 6 of these le- 
sions were confirmed by hysterectomy. 
Jordan et al.*° compared the accuracy 
of the vagino-cervical smear, endo- 
metrial aspiration smear, and endo- 
metrial biopsy in diagnosis of 
carcinoma of the fundus. The vagino- 
cervical smear was 68% accurate, the 
endometrial aspiration 72%, and the 
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endometrial biopsy 92%. The three 
studies combined gave an accuracy of 
100% in endometrial cancer. 

EXTRA-UTERINE MALIGNANCY. Cancer 
cells may be found in vaginal smears 
in cases of malignancy of the vulva, 
bladder, urethra, tubes, ovaries, and 
other abdominal viscera. If histologic 
examination of curettings and an ade- 
quate cervical biopsy fail to reveal the 
source of a positive vaginal smear, 
then extra-uterine malignancy 
should be suspected! 74 

The cancer cells originating from the 
vulva, bladder, and urethra appear in 
vaginal smears as a contaminant. The 
study of cells from lesions of the vulva 
may be an aid in the diagnosis of 
vulvar carcinoma. Carter’® studied 18 
cases of carcinoma of the vulva by the 
smear method. His findings show that 
the most satisf: ictory smears are made 
by first removing any exudate from the 
surface of the lesions and then ser: ap- 
ing the lesion with a thin, metal spatula 
to obtain material for smearing. 
Fifteen of the 18 cases of vulvar carci- 
noma could be diagnosed from the 
smears. A review of the smears from 
the 3 missed cases showed no malig- 
nant cells in 2 instances but carcinoma 
cells were found in the third case. 
Smears made by drawing the slide 
across the vulva lesion are not satis- 
factory because the cellular elements 
are distorted or the smears are made 
up of debris. 

Cancer cells which orginate from 
intra-abdominal, extra-uterine malig- 
nancies may be found secretions of 
the posterior fornix, even though 
metastatic lesions to the uterus are not 
demonstrated. Tumor cells from ovarian 
cancer, tubal cancer, or any other intra- 
abdominal malignancies, whether pri- 
mary or secondary, may pass through 
the tubes and uterus to appear in the 
vaginal secretions. Song’ reported 10 
cases of extra-uterine carcinoma in 


which the vaginal smears were positive, 
and in which the uterus was free from 
invasion by the tumor process. The fal- 
lopian tubes were secondarily involved 
by the neoplasm in 5 of these cases. 
Song has suggested that cancer cells 
can reach the tube by direct extension, 
by ascitic fluid which contains tumor 
cells, or by ameboid motion of the can 
cer cells. They are then tr insported 
through the tubes by ciliary action and 
peristaltic waves of the tubes to the 
uterine cavity. From the uterine cavity 
they find their way to the vagina. 

Early clinical diagnosis of carcinoma 
of the f: ullopian tubes is always difficult. 
The cytological technique may be of 
distinct value in the diagnosis of this 
lesion. Fidler and Lock?* found malig 
nant cells in 3 of 4 cases of tubal malig- 
nancy studied by cervical smears. 
Song!" reported an instance of pri 
mary adenocarcinoma of the tube in 
which malignant cells had been dem- 
onstrated in the vaginal secretions. 
Kernodle et al.°* in the study of 1,709 
patients by cervico-vaginal smear 
found 1 case of tubal carcinoma. 
Larsson and Schooley** reported 2 
cases in which vaginal smears were 
suspicious and carcinoma of the fal- 
lopian tube was proven at laparotomy. 
Brewer and Guderian'! reported 3 
cases of tubal cancer which had atypi- 
cal or positive smears. 

Papanicolaou®? studied 2 cases of 
cystoadenocarcinoma of the ovary in 
which malignant cells were found in 
the smears from the endometrial cavity. 
Frech*® reported a case of adenocarci- 
noma of the ovary which was detected 


by vaginal smear. Fidler and Lock?" 


reported : positive and 4 suspicious 
cervical smears in 20 patients studied 
with ovarian cancer. Wachtel and 
Plester!**, in a survey of 2,550 smears, 
detected 1 case of ovarian cancer. 
Umiker and Sheen!*® found malignant 
cells in vaginal smears of an asympto- 
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matic patient, who 1 year later was 
found to have ovarian cancer, Steffan 
eft al.''® reported a patient with positive 
inal Smears which proved to be 
varian in origin. Figge and De- 
Alvarez? studied vaginal and cervical 
smears of LO patients with ovarian 
cancer. By the smear technique 7 of 
these cases were called malignant, and 
2 were called suspicious. 

Parsons and Taymor*® reported posi- 
tive vaginal smears in a patient who 
had a radical mastectomy 5 years pre- 
viously. These findings were due to 
metastasis from the breast lesion to the 
peritoneal cavity. 

RADIATION AND ITS EFFECT ON VAGINAL 
SMEARS Radiation causes — specific 
changes in both the normal and ma- 
lignant cells exfoliated from the genital 
tract These may be seen as early as 
the second day of roentgenologic 
therapy, and in the case of the normal 
cells continue to be found some years 
later. The persistent changes, ‘even 
vears after radiation, may be so atypical 
that they are confused with malignant 
cells. Graham** described these changes 
luring the course of therapy and 
hortly thereafter. It may be difficult to 
letermine if an irradiated cell was 
riginally benign or malignant. 

\s to the nonmalignant cells seen in 
the vaginal smear the general char- 
cteristics of irradiation consist of an 
ncrease in leukocytes followed by an 
nerease of histiocytes. The inner and 
uter basal cells show radiation changes 

arly. These cells become elongated, 
nd the cytoplasm stains brown. The 

uclei may become pyknotic or de- 
enerate and appear as discrete black 
umps. An increase in the size of the 
ells to 3 to 4 times normal is a later 
hange, and occurs the tenth day of 
ierapy. The nuclear cytoplasmic ratio 
mains constant. Vacuolization of the 
toplasm occurs about the fifteenth 
‘ay and an appearance of bizarre forms 


is the last change noted. Radiation 
changes in the precornified cells occur 
later than in basal cells. These changes 
are characterized by an increase in size 
of the cell, vacuolization of the cyto- 
plasm, and infiltration of the cyto- 
plasm by leukocytes. The nuclei be- 
come larger, then wrinkled with little 
structural detail, or pyknotic. Multi- 
nucleation, fragmentation, or shrink- 
age with formation of a perinuclear 
vacuole may occur. Cornified cells 
undergo the same changes as the pre- 
cornified except for the nucleus, which 
is already pyknotic. 

As to the malignant cells radiation 
changes are characterized by increased 
cell size, vacuolated cytoplasm, multi- 
nucleation and the appearance of giant 
cells. The nuclei of these cells may 
appear pyknotic or more frequently 
washed out and smooth. These changes 
are more striking in the undifferenti- 
ated than in the differentiated cancer 
cells. In some instances the malignant 
cells gradually disappear as the treat- 
ment progresses or shortly thereafter 
to suggest sensitivity and therefore a 
good prognosis. 

A special technique for the prepara- 
tion of smears for study of radiation 
was suggested by De den?3, Smearing 
of the secretions in the routine man- 
ner might cause changes in the cells 
suggestive of radiation. These cells ap- 
pear to be more fragile because of 
their increased viscosity during radia- 
tion therapy. A slide should be cov- 
ered with egg albumen and a drop of 
vaginal secretion allowed to fall from 
a pipette and spread over the slide. In 
this way the cells are not distorted. 

CYTOLOGY AND PROGNOsIS. The reports 
of the use of exfoliated cytology in 
determining prognosis in cervical can- 
cer have been encouraging. Graham*® 
4 in studying vaginal smears taken 
during and immediately following radi- 
ation therapy, found changes in exfo- 
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liated cells to serve as an index of 
response to treatment. She found that 
radiation changes present in many be- 
nign cells indicated a good prognosis. 
If a good response occurred the ma- 
lignant cells decreased and gradually 
disappeared. The correlation of the 
cytological response with the clinical 
results gave prognostic accuracy 
ot SS% 

Graham and Graham***, later 
publications, introduced the term radi- 
ation reaction (RR) and defined it as 
“the cell changes in the vaginal smear 
resulting from radiation.” They calcu- 
lated the percentage of benign cells 
showing radiation reaction (RR) to 
determine the prognosis of treatment. 
In their study they counted 100 be- 
nign cells in the post-radiation smears. 
If 75% or more showed characteristic 
radiation changes (vacuolization of 
cytoplasm, increase in size, double 
nuclei or nuclear changes), it was 
called a good RR. If less than 601 
showed the characteristic changes it 
Was called a poor RR. Of 125 cases of 
cervical cancer with a 5-year follow-up 
63 cases had a good RR and 59% sur- 
vived 5 years without evidence of 
disease; 62 cases were classfied as poor 
RR and only 3% lived 5 years without 
disease 

Other workers in this field have used 
the radiation changes in cells as a 
prognostic index in the treatment of 
cervical cancer. Nielsen“ reported a 
recurrence rate of 8% in patients with 
good RR and 78% in poor RR. Kohn** 
found radiation reaction to be of value 
in determining prognosis of cervical 
cancer. In a series of 50 patients with 
cervical cancer, he found 32 with a 
good radiation response and 18 with a 
poor response. Only 5 of the 32 patients 
who showed a good RR had persistent 
disease after therapy whereas 16 of the 
18 patients with poor RR showed per- 
sistent disease. Shier’? classified cases 


that showed 75% or more benign cells 
with radiation changes as a good re- 
sponse, and 65% or less a poor response. 
Nineteen (59%) of 32 patients with 
good response survived 3 years in 
Stage | and II cervical cancer. One 
(17%) of the 6 patients with a poor 
response survived 3 years. If both be- 
nign and malignant cells were used in 
the response study, 85% with good re 
sponse survived against 9% with poor 
response. 

Prior to therapy, cellular changes 
which have a prognostic significance 
have been described in benign cells of 
the vaginal smear. Graham and 
Graham“*** reported changes in be 
nign cells from untreated cancer pa 
tients which indicated a sensitivity to 
radiation. They introduced the term 
sensitization response (SR) to denote 
the presence of these changes by which 
the response of the tumor to radiation 
could be predicted. These changes, 
usually seen in the basal cells, are 
characterized by lavender staining, in 
creased density of the cytoplasm, and 
vacuolization and red granules in the 
cytoplasm. In smears with cornification 
the basal cells are few, thus a good 
SR and marked cornification are not 
found together. 

The SR is determined by counting 
100 benign epithelial cells in the vaginal 
smear. If 10% or more show SR changes, 
it is classified as predicting a good 
sensitization response. If 9% or less 
of the 100 normal cells show this 
change it is classified as poor SR. 
Graham et al.** reported a 73% five- 
year survival rate in cervical cancer 
treated by radiation with good SR, and 
only an 18% survival rate in patients 
found to have poor SR. On the other 
hand, of 80 patients with poor SR who 
were treated surgically, 71% survived 
2 to 5 years. “It is concluded that SR is 
a useful prognostic index in patients 
with cancer of the cervix and that it 
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may serve in the selection of the ap- 
propriate form of treatment.’ 
Graham et al.* have found the inci- 
dence of lymph node metastasis differ- 
ent in marked SR and poor SR groups 
of Stage I and II cancers. Cases of 
cervical cancer which showed marked 
SR had 64% node metastasis and those 
with poor SR had 17% node metastasis. 
They have suggested that this miaty 
explain why, in their experience, cure 
rate ishigher by radiation therapy than 
surgery in the marked SR group. 
Graham and Goldie compared the 
ize of the unirradiated cornified and 
precornified cells to that of previously 
radiated cells. The mean diameter of 
the forme approximated 32. microns 
while that of the latter was consider 
ibly greater. In smears of postirradi- 
ited cervical cancer 100 normal 
cornified and precornified cells were 
measured, The average diameter was 
65 microns or less in 53 cases, of whom 
lO%@ survived 5 years. The average 
liameter was 66 microns or more in 93 
ises of whom 48% survived 5 years. 
concluded that the degree of 
crease in cell size following radiation 
uld be used as a prognostic index. 
Liu®' found the incidence of basal 
ells in the preoperative smear to be 
4 prognostic significance in cervical 
incer treated by surgery. Of 12 pa- 
tients whose preoperative differential 
ount showed 51% or more basal cells, 
were alive and well. In contrast, 
85 patients whose preoperative 
ears showed less than 50% basal cells, 
4% were alive and well. The prognosis 
as good in patients with moderate 
rnification in their preoperative 
ear which showed an increase of 


‘ 


basal cells (more than 20%) following 
surgery. 

Graham and Meigs** studied the 
prognostic significance of malignant 
cells in vaginal smears following treat- 
ment of cervical cancer. Recurrence of 
a tumor may be recognized by the use 
of the cytological method long before 
it is clinically evident. The authors re- 
ported 7 treated cases (4 by radiation 
and 3 by surgery ) in which cancer cells 
were found in the vaginal smear in an 
average of 14.5 months before it was 
possible to obtain a positive biopsy. “A 
positive smear at the end of treatment 
is an unfavorable prognostic sign. A 
positive smear at 3 months is regarded 
with grave suspicion and a_ positive 
smear at 6 months undoubtedly means 
that the treatment has been ineffec- 
tive.” In surgically treated cancer of 
the cervix “a positive smear after oper- 
ation indicated disease.” 

Conclusions. Exfoliative cytology has 
become an important tool in the de- 
tection of gynecological malignancy. 
This method is most accurate in the 
diagnosis of cervical cancer. Since the 
introduction of the endometrial aspira- 
tion smear, the accuracy of the cyto- 
logical technique in corporeal cancer 
has improved. The cytological method 
may be helpful in the diagnosis . 
extra-uterine, abdominal mz ilignancy 
cancer cells from such a source can be 
found in genital smears. The smear 
should not replace the biopsy but be 
used in conjunction with it to obtain 
the greatest accuracy in the diagnosis 
of genital malignancy. The scope of 
exfoliative cytology has spread _be- 
yond its dix gnostic role and its prog- 
nostic potentialities show promise. 
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BOOK REVIEWS 


RADIOLOGY OF THE HEART AND GREAT 
VessELs. By Rospert N. Coorey, M.D., 
Professor of Radiology, University of Texas 
Medical Branch, and Rospert D. SLoan, 
M.D., Professor of Radiology. University of 
Mississippi Medical Center. Pp. 309; 195 
ills. Baltimore: Williams & Wilkins Co.., 
1956. Price, $15.00. 

ruis work is a republication in book form 
of Chapter IV from the three volume loose 
leaf edition of Golden’s textbook “Diagnostic 
Roentgenology.” It presents an admirably 
concise and readable résumé of present day 
cardiovascular roentgenology. Ample atten- 
tion is devoted to the modern technical pro- 
cedures including laminography, electro- 
kymography and angiocardiography. There is 
an excellent coverage of the roentgenological 
aspects of congenital anomalies of the heart 
and great vessels. Much of the material is 
based on the authors’ experiences when they 
were members of the De partment of Radiol 
ogy at Johns Hopkins University. The quo 
tations from the literature are well docu- 
mented and there is an excellent Bibliography 
[This book can be heartily recommended as 
a well-balanced consideration of the contri- 
bution of Roentgen findings to the clinical 
study of cardiovascular lesions H.S 


Pepratrics. Edited by DonaLp PATERSON, 
M.D., Formerly Clinical Professor of Pedi- 
atrics, University of British Columbia, and 
JOHN F McCREaryY, M.D., Professor of 
Pediatrics, University of British Columbia 
Pp. 654; 192 ills. Philadelphia: J. B. Lippin- 
cott Co., 1956. Price, $14.00. ’ 

THis new textbook of pediatrics is designed 
to be intermediate in scope between the com- 
prehensive textbooks which serve as consul- 
tants for pediatricians and the smaller hand- 
books in more or less tabular style which have 
become rather common in recent years. A 
textbook in which the discussion of theoreti- 
cal and controversial points is kept to a 
minimum in favor of presenting the practical 
management of most common pediatric prob- 
lems is in danger of over-simplification or of 
arbitrariness in point of view. The editors 
seem very successfully to have avoided these 
pitfalls. What has emerged is a highly prac- 
tical and readable text of pediatrics, which 
attains satisfactorily its goal. 
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AND NOTICES 


Because the book is frugal in references 
and in theory and hypothetical discussion, the 
student or physician who needs a truly com 
prehensive survey of his problem will gen 
erally need to turn elsewhere: but for the 
active practitioner with routine problems this 
volume is recommended as sound and prac 


tical. It should find wide favor Vi. V2 


ReceNtT Procress IN HorMONE RESEARCH 
Edited by Grecory Pincus Pp. 453; illus 
trated. New York Academic Press, In 
1956. Price, $10.00 

Tuts volume contains the proceedings of 
the twelfth annual Laurentian Hormone Con 
ference which was held at Estes Park, Colo 
rado, in September, 1955. The material is 
presented in four major sections: I. Hormone 
Biosynthesis and Metabolism; II. Hormones 
ind Metabolism; III. Pituitary Hormones: and 
IV. Sex Hormones 

Although many of the discussions are di 
rected to fundamental questions of particular 
interest to biochemists, physiologists pharma 
cologists, and biologists there is also much 
valuable information for endocrinologists and 
others concerned with hormonal probl ms at 
the clinical level. Among the topics of clinical 
interest may be mentioned the section on 
“Hormonal Control of Melanin Pigmenta 
tion” by A. B. Lerner and Yi Takahashi: the 
review of “Pituitary Syndromes in Man” by 
R. F. Escamilla; the studies of “Testicular 
Hormone Production” by R. B. Leach et al 
and “Aldosterone in Relation to Water and 
Electrolyte Balance in Man” by J. A 
Luetscher, Jr. C. Z. 


GESTATION. TRANSACTIONS OF THE THIRI 
CONFERENCE. Edited by CLAupE A. VILLEI 


Pu.D., Associate Professor of Biological 


Chemistry, Department of Biological Chem 
istry, Harvard Medical School. New York 
Josiah Macy, Jr. Foundation, 1957. Pric« 
$4.75. 

GEsTATION, the Transactions of the Thir 
Conference on Gestation sponsored by th 
Josiah Macy, Jr. Foundation, is not easy t 
review because it reports verbatim the it 
formal presentation and discussion of a nun 
ber of papers which are generally related bi 


of varied context. The general theme of this 
particular conference was hormone produc- 
tion during pregnancy and the papers in- 
cluded material as variable as “The Secretions 
of Various Hormones and the Activity of the 
Adrenal Cortex in Pregnancy” by Eleanor H. 
Venning; “Steroidogenesis in Perfused Human 
Placentas” by Gregory Pincus; “Effects of 
Hormones on Cellular Metabolism” by Claude 
A. Ville “Effect of Fetal Endocrines on 
Fetal Growth” by Lemen J. Wells and Inter- 
relations of Pituitary Functions and Preg- 
nancy” by Roy O. Greep and others. 
[he material presented by each _partici- 
pant is renerally a review of his current 
h work rather than a final report of 
1 specific portion of it. The free discussion 
questioning by the other conference 
members, however, usually provides an ex- 
cellent review of what is known of the topic 


an 


under discussion. While there is much ma- 
terial in this volume which eventually will 
influence th practice of obstetrics, the cur- 
rent presentation contains little which will 
interest the practic ing obstetrician. r. W 


Dynamic Psycuiatry. By Ropert R. MEzER, 
M.D., Senior Staff Psychiatrist, Community 
Clinic, Massachusetts Mental Health Cente 
ind Harvard Medical School. Pp. 174; 8 ills. 
New York: Springer Publishing Co., Inc 
1956. Price, $2.50 

ruts book is useful for those who are called 

ipon to interpret psychiatric concepts in a 
nple direct fashion. It reflects its develop- 
rent out of lectures to medical students and 


nurses. It forms a good structure on which 
in be laid more extensive explanation of 
theoretical and clinical material. O. E. 


LeukemMias: Etiotocy, PATHOPHYSIOL- 
OGY, AND TREATMENT. Edited by J. W. 
Respuck, R. W. Monto anp F. H. BetHe.t. 
Pp. 711 illustrated. New York: Academic 
Press, Inc 1957. Price, $13.00. 

[His volume encompasses the papers pre- 
ented by some 56 investigators at an inter- 
itional symposium on The Leukemias which 
vas held in Detroit, in March, 1956. The 
iaterial is grouped under the following 
headings: 1) The Leukemic Cell, Its Struc- 
ture and Antigenicity; 2) Genetic and 
Environmental Factors in the Transmission of 
Leukemia; 3) Radiation Biology of Leuko- 
ytes; 4) The Leukemias and the Malignant 
Lymphomas; 5) Leukocytic Physiology; 6) 
\fetabolism of Amino and Nucleic Acids in 


Book Reviews and Notices 729 


the Leukemias; 7) Further Biochemical Con- 
siderations in the Leukemias; and 8) Nucleic 
Acids as the Target for Chemotherapy: 
Mechanisms of Drug Action and Resistance. 

Aside from the generally excellent papers, 
there are also included many of the valuable 
comments and discussions which were made 
during the proceedings. 

This comprehensive volume is a “must” 
for all hematologists and is highly recom- 
mended to anyone concerned with leukemia 
whether at a basic or clinical level. iS. Ge 


FUNDAMENTALS OF CLINICAL FLUOROSCOPY 
WITH EssENTIALS OF ROENTGEN INTERPRE- 
TATION. By CHARLES B. StorcH, Associate 
Attending Roentgenologist, Beth-E] Hospital, 
Brooklyn, N.Y. 2nd ed. Pp. 305; 318 ills. 
New York: Grune & Stratton, Inc., 1956. 
Price, $8.75. 

RELATIVELY minor changes have been 
made in the second edition of this useful 
introduction to clinical fluoroscopy. The 
author wisely emphasizes the hazards, as 
well as the diagnostic limitations, of fluoros- 
copy as an independent technique if divorced 
from adequate complementary radiographic 
studies. Unfortunately, since fluoroscopy pre- 
sents the greatest radiation exposure danger 
to both patient and physician of any diagnos- 
tic Roentgen-ray procedure, it is to be feared 
that the casual and occasional reader of this 
book will omit or be unimpressed by the 
brief introductory chapter covering dangers, 
radiologic protection and dark adaptation. 


H. S. 


THE Person BEHIND THE DISEASE. By 

Juttus Baver, M.D... Clinical Professor of 
Medicine, College of Medical Evangelists. 
Pp. 136; 5 ills. New York: Grune & 
Stratton, Inc., 1956. Price, $3.50. 

Tue author undertakes in this small volume 
“to elaborate on the fundamental principles 
of a holistic concept of medicine.” As might 
be expected, attention is drawn to the unique- 
ness of the individual, various pathogenic and 
nonpathogenic genetic patterns, “constitutional 
biologic organ inferiority,” and the need 
for treatment of the entire individual rather 
than only a part. 

This is one of several recent publications 
which reflect the current revival of interest 
in “comprehensive medicine.” Accordingly, it 
should be of interest to those responsible for 
medical education, both at the administrative 


and teaching level. C. Z. 
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DIABETES MELLITUS WITH EMPHASIS ON 
CHILDREN AND YounG Apu.ts. By T. 
DanowskI, M.D., Renziehausen Professor of 
Research Medicine, University of Pittsburgh. 
Pp. 510; 177 ills. Baltimore: The Williams 
& Wilkins Co., 1957. Price, $13.50. 

AMONG the current texts on diabetes 
mellitus there are none presenting the funda- 
mental concepts of intermediary metabolist 
with the clarity and thoroughness as tha 
ot Dr. Danowski The biochemical and hor 
monal aspects of diabetes are analyzed in 
Part I with descriptions of protein, fat, and 
carbohydrate metabolism as influenced by 
endocrine and other factors. Mechanisms of 
action of the adrenal steroids, thyroid hor- 
mone, and diabetogenic pituitary hormones 
are discussed in relation to the biochemistry 
of cellular activity. In the section entitled 
Manifestations, Diagnosis and Treatment, the 
emphasis is directed largely toward the 
author’s experience with the juvenile diabetic 
group. Much of this material is equally per- 
tinent to the treatment of the adult, stabk 
or unstable diabetic patient. The description 
of insulin hypoglycemia is too brief and is 
devoid of discussion of the precipitating fac 
tors, prevention and treatment. Also lacking 
is a section on the pathology of diabetes. An 
interesting and enlightened survey of the 
personality and emotional response of dia- 
betic patients is reviewed in the final section 
dealing with developmental aspects and 
complications 

The excellence of this text attests to the 
wide clinical experience and research activities 
of the author. It is highly recommended for 
physicians engaged in the treatment of dia- 
betic patients of any age 


FOUNDATION SYMPOSIUM ON PAPER 
ELecrropHoresis. Edited by G. E. W. 
WOLSTENHOLME AND E. C. P. 
Ciba Foundation. Pp. 224; 70 ills. Boston: 
Little, Brown & Company (London: J. and 
A. Churchill, Ltd.), 1956. Price, $6.75. 
Tuts volume consists of papers presented at 

a symposium held in London, 27-29 July, 
1955. Each paper was followed by rather 

complete discussions by various members in- 
vited to the meeting. A number of short com- 
munications were included in addition to 

the more detailed presentations. Among the 
latter were the following: 

“General Methods of Paper Electrophore- 
sis with Examples of its Use in Medical and 

Biochemical Problems” by W. Grassmann. 


“Evaluation of the Albumin-globulin Ratio 
of Blood Plasma or Serum by Paper Electro- 
phoresis” by E. M. Abdel-Wahab, V. H 
Rees and D. H. R. Laurenc: 

“Analysis of Human Haemoglobins by 
Paper Electrophoresis” by J]. C. White, G. H. 
Beaven and M. Ellis. 

“A Paper Electrophoresis Study of — the 
Effect of ACTH and Cortisone the 
Protein-bound Serum Polysaccharides in 
Some Patients with Rheumatoid Arthritis, 
Ulcerative Colitis,” by’ H. Laurell 

“Physicochemical Aspects ind their Rela 
tionship to the Design of Apparatus” by H 
Svensson. 

“Analysis of Separated Materials I” by E. 
M. Crook. 

“Analysis of Separated Materials II” by N 
H. Martin. 

“The Future of the lechnique in its Ap- 
plication to Clinical Research and Routine 
Analysis” by E. L. Durrum 

There was a general discussion prior to 
the last paper in which various participants 
took part. Among the short communications 
some of the technical and practical aspects 
of paper electrophoresis were discussed. These 
included descriptions of such problems as 
the relationship of areas to concentrations and 
the difficulties met in atte mpts to obtain con 
sistently good dyes. High voltage electro 
phoresis was also described 

This volume is richly illustrated with many 
excellent photographs ot apparatus and elec- 
trophoretic patterns. It should be of con- 
siderable value to one who contemplates the 
use of this technique and of much interest 
to those now engaged in this activity. 


R. B 


Lupus Nepuritis: A CLINnicAL AND PATHO 
LOGICAL Stupy BASED ON RENAL BIOPsIEs 
By Rosert C. Muenrcke, M.D., RosBert 
M. Karxk, M.D., Conrap L. Prrant, M.D., 
AND E. M.B., M.R.C.P.E. 
Pp. 145; 43 ills., and 10 color plates. Balti- 
more: The Williams & Wilkins Co., 1957 
Price, $3.00. 

From study of a wealth of clinical, labora- 
tory, and pathologic material the authors 
have written an excellent treatise on the 
kidney changes associated with systemic lupus 
erythematosus. Chapters are devoted to a 
review of the clinical features, renal pathol- 
ogy, the etfology and pathogenesis of the 
renal lesions, and then to the authors’ own 
findings. The problems of treatment of lupus 
nephritis, its prognosis, and possible relation- 


\ 


ship to other diseases are discussed. The vol- 
oncluded with an important chapter 
m the natural history of lupus nephritis. 


Chis 


nograph is recommended to clini- 


pathologists who are concerned 


with tl erious and difficult problem. 
NEW BOOKS 
Instrumentation in Bio-Medical Research 
Publication 472. By Pat. E. K 


Consultant to the Biology Council, Pp. 14. 


Washington: National Academy of Sci- 
ence NX itional Re search Council, 1957. 
t calls attention to the increasing 
‘ plexity of instruments employed in 
edi rch the need for more effective 
ind eff t e of such instruments, and presents 
ecom ti for dealing with this problem 
I t pamphlet should be by 
rned with research biology 
C. Z 
The Liver Some Physiological and Clinical 
Aspects. British Medical Bulletin, Vol. 13, 
No. 2, May, 1957. Pp. 77; 23 ills. Lon- 


don: M i Department of the British 
Council, 1957. Price, $3.25. 
GRO interesting papers summarizing 
th t | vledge of liver function and the 
clinical aspects of liver disease 
R. K. 
he Changing Patient-Doctor Relationship. 
By Martin G. Vornaus, M.D. Pp. 310; 
illustrated. New York: Horizon Press, Inc., 
1957. |} $3.95. 
THER! nany books these days on_ the 
ctor-pat t relationship. This one is different, 
} | fill a real need in the lives of those 
thi th I rf ion who would like to under- 
tand vithout taking time for a_ course. 
This book has chapters devoted to ‘The 
Patient ind How He Became One.” Likewise 
there is a chapter on the doctor and how he 
becar The author discusses such things 
ccepti ponsibility and acquiring empathy, 
1 the n to describe the tools of human 
I vi these introductory chapters the 
k h e excellent case history presenta- 
tions, illustrating how the author deals with the 
patient in cases of duodenal ulcer, obesity, hy- 
rtensi ind colitis. This material is very 
eful, nearl is good as looking over the 
! tor I ler O. E. 
Pharma gy of Psychotomimetic and 
Psychotherapeutic Drugs. By Seymour S. 
Kety, AND 55 orHerRs, National Institutes 


of Health Pp. 433; 15] ills. New York: 
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New York Academy of Sciences, 1957. 
Price, $5.00. 

Tuts is a timely publication comprising con- 
56 well known, highly qualified 
total of 33 papers 
presented at a sponsored by the 
New York Academy of Sciences in April, 1956. 
Psychopharmacology is a rapidly advancing field 
and, although still in an experimental 
stage, the widespread use of ataractic drugs em- 
phasizes the necessity for the practitioner, as well 
as the investigator, to keep abreast of this im- 
portant field. This volume provides one oppor- 
tunity for them to do so. R. S 


tributions from 


investigators. It contains a 


conterence 


early 


Les Nouveaux Syndromes Hemorragiques La 
Dysprothrombie. By P. CHEVALLIER AND 


\. Frenrer. Pp. 128; 25 ills. Paris: Masson 
et Cie, 1957. Price, 1.500 fr. 
Tunis small monograph, written in French, 


deals with various hemorrhagic states associated 
with disturbances in the prothrombin mechanism 
treatment features of 
prothrombin dis- 


Clinical, diagnostic, and 
both 
orders are 

Clinicians in general and hematologists in par- 
ticular will find this a concise and current sum- 


subject 


primary and secondary 


discussed 


mary of the 


Psychiatric Aspects of School Desegregation. 
Report No, 37. Pp. 94. New York: Group 
for the Advancement of Psychiatry, 1957. 

$1.00. 

Tus report No. 37 of the Group for the Ad- 

Psychiatry is a careful analysis on 

committee of the 
into this complex 
functions of 


Price, 


vancement of 
the part of an interdisciplinary 
factors which enter 
problem. It 
racial myths and prejudices as well as the psy- 
attitudes. It 
processes and the role of Authority in 


attitudes. There is a section on the 


Various 
social discusses the 


chodynamics of changing discusses 
group 
changing 
various groups to desegregation in- 
cluding the educator and parent. There is an 
annotated reading list It is a_ brief, 


up-to-date, and informative report. 


responses of 


concise, 


O. E. 


Clinical Pathology in General Practice. From 
the British Medical Journal. Pp. 321; 
45 ills. Philadelphia: ]. B. Lippincott Co., 
1957. Price, $5.00. 

Tuts volume series of articles 
which appeared originally in the British Medical 


consists of a 


Journal. They are concerned with various lab- 
oratory procedures used in general practice in 
Great Britain. The first few chapters describe 


practical techniques such as venipuncture, lum- 
bar puncture, biopsies, and “postmortem tech- 
nique for the performer.” Other 
sections deal with renal and gastrointestinal tests, 
procedures to be followed in various infections, 
hematology, metabolic and endocrine disorders, 
skin and tropical diseases, and industrial poison- 
ing. Although some of the chapters would be 
limited in interest to British physicians, there 


occasional 


(I 


Me 


The Riddl. 


Re 


(32 


is considerable material which would be _ help- 
ful to general practitioners anywhere C. Z 


rcury and Its Compounds. By Cec. V 


Kinc, Harry Goip, HAROLD WOLFF AND 
30 oTHERS, New York University. Pp. 295; 
87 ills. New York: New York Academy 
of Sciences, 1957. Price, $3.50. 
comprising 23 papers by 33 
authors, is a useful reference to many of the 
properties and uses of 
into three parts as follows 1) 


Chemistry, II) Pharmacology and Toxicology, and 
III) Clinical Medicine. R. S 


Tuis volume, 


mercury. It is divided 
Physics and 


f Stuttering. By C. S. BLUEMEL, 
M.D. Pp. 142; 9 ills. Danville, Illinois: 
Che Interstate Publishing Company, 1957. 
Price: cloth bound copy, $3.50: paper 
bound copy, $1.50 


OveR a period of years the author has con 
tributed to the literature on stuttering and in 
this book, he attempts to reformulate his con 
cepts concerning the problem based on psychi- 
atric theory. Stuttering is described as 
speech in the young child 
stammering is disorganized speech 
predisposing traits, certain 
tend to become stammerers under stress 


nonor- 
ganized whereas 
Because of 
children 
Bluemel 
feels that therapy for stammering should not be 
directed primarily to the speech disorder. He is 
concerned with development and 
good mental patterns of speech since he feels 
that talking is thinking out loud. The answer to 
the riddle of stuttering seems no closer at hand 
as a result of this book. M. H. 
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training of 


gulation and Mode of Action of Thyroid 


Hormones. Edited by G. E. W. WotsTen- 


HOLME, O.B.E., M.A., M.B.,  B.Cu., 
AND ELAINE C. P. Muiiar, A.H.-W.C., 
A.R.I.C. Ciba Foundation Symposium. 
Pp. 311; 114 ills. Boston: Little, Brown 


& Company, 1957. Price, $8.50. 

Ins interesting collection of contributions by 
leading students in the field of thyroid gland 
function presents the must up-to-date information 
available on the subject. It will be of particular 
importance to workers in the field; its value 
to clinicians at large is somewhat limited, but 
will be of interest in terms of pointing the direc- 
tion towards which investigations into the 
intricacies of thyroid function are proceeding 


Ww. P 


Symposium iiber Arteriosklerose/ sur larterio- 


on arteriosclerosis. Bulletin der 
Schweizerischen Akademie der Medizinis- 
chen Wissenschaften, Special Number. 
Pp. 488; illustrated. Basel: Benno Schwabe 
& Co., 1957. 


sclerose 


THis symposium held in August, 1956, starts 
with the lecture of W. Dock: “Are there effec- 
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Meprobamate and Other 


Unstable Chemical Spe cles Free 


Viruses in Search of Disease. By 


Group Psychotherapy: The 


December, 1957 


The first 
main topic deals with blood vessel factors and 
arteriosclerosis, morphology, 


tive ways of managing arteriosclerosis?” 


hemodynamics, eti 
ology and pathogenesis (13 papers). The second 
main topic is devoted to metabolism and arterio 
sclerosis, the subdivisions being blood lipids and 


blood lipoproteins, dietary factors, influence of 


vitamins and hormones (24 papers). And the 
third main topic is devoted to clinic and therapy 
papers). The papers were given in four 


languages and each paper has a detailed sum 
mary in English, German, and French, and most 
of them give detailed 
follow. The contributions are of 
high quality, most of them represent original 
work, and to the student of this all-important 
topic, with all its many ramifications, tnis volume 
is highly recommended H. R 


references. Discussions 


exceptionally 


Use d tn 
JAMEs G. 


Agents 
Mental Disturbances By 
MILLER AND FRANK M. BERGER AND 43 
oTHrrs. Ann. New York Acad. Sci., 67, 
Art. 10, pp. 671-894. New York: New 
York Acad. Sci., 1957. Price, $4.00. 


Radic als, 
Ions, and Excited Molecules. By THomas 
FREUND AND Henry C. THACHER, JR., 
AND 20 orHeRs. Ann. New York Acad. 
Sci., 67, Art. 9, pp. 447-670. New York: 
New York Acad. Sci., 1957. Price, $4.00. 


Rost RTI |. 
HvEBNER AND 38 oTHERS. Ann. New York 
Acad. Sci., 67, Art. 8, pp. 209-446. New 
York: New York Acad. Sci., 1957. Price, 
$5.00. 


Psychoanalytic 
Approach. By S. H. Foutkes, Consultant 
in Psychiatry at Behtlem Royal and 
Maudsley Hospital and E. J. ANTHONY, 
Senior Lecturer in Child Psychiatry, Uni- 
versity of London: Pp. 263; 17 ills. Balti- 
Penguin Books, 1957. 
85 cents. 


more: Inc., Price, 


[HE group analysts of Britain, unlike American 
workers, did not consider psychoanalytic con- 
cepts sufficient for the practice of group analysis 
There the psycho-social concepts of Kurt Lewin 
and the sociometry of J. L. Moreno have been 
turned to good advantage. This work presents 
not only an unusually lucid account of the psy- 
chotherapeutic group in terms of group dynamics 
from the psychoanalytic view, but also includes 
a survey of related methods. M. B. 


Second Tissue Homotransplantation Confer- 


ence. By JoHN MarQuis CONVERSE, 
Bram O. Rocers AND 47 OTHERS. Pp. 


Re 


Hut 


] 
\ 
E 


338: 198 ills. New York: The New York 
Academy of Sciences, 1957. Price, $4.50. 


luis paper-bound book has limited interest, 
because of its restricted and highly specialized 
subject matter. The volume is composed of a 
group of papers presented at the Second Tissue 


Homotransplantation Conference and is mainly 
concerned with the basic aspects of tissue grafting. 
This book is written primarily for the plastic 
surgeor [he introductory remarks by Hilary 


Koprowski and the introduction by John Marquis 
Converse a Blair O. Rogers give the theme of 
tl eral presentations 


Report of Study Group of Atherosclerosis and 
Ischaemic Heart Disease. WHO Technical 
Report Series No. 117. Pp. 40. Geneva: 
World Health Organization, 1957. Price, 
$5.30 


NEW EDITIONS 


Giff rd's i xth ok of Ophthalmology. By 
Francis Heep ApLEeR, M.D., Professor of 
Ophthalmology, University of Pennsylvania 
School of Medicine. 6th ed. 7 483; 277 
ills. and 26 color plates. Philadelphia: W. 
B. Saunders Co., 1957. Price, $8.00. 

Tnis text is written for medical students and 
zeneral practitioners. It is written in clear style 
ind is easily understandable. The contents have 
been well chosen. There are numerous improve- 


ments over the fifth edition. It does much to 
convey to physicians the importance and fascina- 
tions of ophthalmology. It is an excellent textbook 

G. 
Hutchison Clinical Methods. By Dona.p 


Hunter, M.D., F.R.C.P., Physician to, 


London Hospital and R. R. Bomrorp, 
D.M Fac? Physic ian to London 
Hospital. 13th ed. Pp. 452; 120 ills., some 


in color. Philadelphia: J. B. Lippincott 
Co., 1957. Price, $6.00. 

THIRTEEN editions in sixty years since its 
first appearance testify to the value of this 
pitome f diagnostic methods including physical 
xaminati d the essential laboratory tests. 


R. K. 


ferentialdiagnose Innerer Krankheiten. By 
Pror. Dr. Rospert HeEccLIN, University 
of Zurich. 5th’ ed. Pp. 749; 459 ills., 
nany in color. Stuttgart: Georg Thieme 
Verlag, 1957 (Intercontinental Medical 
Book Corporation, New York, USS. 
Ave nts Price, $18.95 
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An excellent text on the differential diagnosis 
of internal diseases, that has proved exceedingly 
popular as shown by five editions in as many 
years. The presentation is clear-cut, concise and 
supported by numerous good illustrations. Intern- 
ists and general practitioners, who read German, 
will find this a useful text. R. K. 


Psychosomatic Medicine. By Epwarp WEIss, 


Dorland’s 


M.D., Professor of Clinical Medicine, 
Temple University School of Medicine, 
and O. SpurRGEON ENG.LIsH, M.D., Pro- 
fessor and Head of the Department of 
Psychiatry, Temple University School of 
Medicine. 3rd ed. Pp. 557; 8 ills. Phila- 
delphia: W. B. Saunders Co., 1957. Price, 
$10.50. 


Puysictans will welcome the third edition of 
this excellent and unique medical text which has 
appeared in Spanish, Portuguese and French 
translations. Much of the present volume has 
been re-written in conformity with newer know]l- 
edge and much new clinical material has been 


added R. K. 


Illustrated Medical Dictionary. 
Edited by Bratnerp Arey, Px.D., 
Sc.D., LL.D., Burrows, Pu.D., 
]. P. M.D., Anp RicHarp M. 
Hewirr, A.M., M.D. 23rd ed. Pp. 1,598; 
700 ills. and 50 plates. Philadelphia: W. 
B. Saunders Co., 1957. Price, $12.50. 
THE 23rd edition of this outstanding and 
standard work has a new name: Dorland’s Illus- 
trated Medical Dictionary to conform with the 
name by which it has become familiarly known 
to the generations of physicians who have used 
it. The editors have continued to show excellent 
judgment in revision, addition of new material, 
re-arrangement, and the problems involved in 
keeping the book within reasonable size. 


R. K 


Diagnosis and Treatment of Diseases in the 


~ 


Tropics. By H. C. Trower, O.B.E., 
M.D. (Lonp.), F.R.C.P., Senior Specialist, 
Mulago Hospital. 3rd ed. Pp. 332; 37 ills. 
London: Bailliére, Tindall and Cox, 1956 
(Williams & Wilkins Co., Baltimore, U.S. 
Agents). Price, $3.75. 

From the Uganda Medical School is appearing 
a series of pocket-sized medical texts for the use 
of students in tropical and sub-tropical countries. 
This volume, in its third edition, attempts to 


cover so wide a range in so small a compass 
that its usefulness is quite limited. R. K. 


‘extbook of Medicine. Edited by Sm Joun 


ConyBEARE, K.B.E., M.C., D.M.(Oxon.), 
F.R.C.P., Consulting Physician to Guy’s 
Hospital, London, and W. N. Mann, 
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M.D.( Lonp.). Physician to An excellent concise presentation of the many 
Her Majesty’s Household. Physician to aspects of emergenck in medical practice It 
clearly merits the popularity that has cailed 
Guy's Hospital. 12th ed. Pp. 859; 71 ills. 
London: E. & S. Livingstone, Ltd., 1957 in German and Spanish R. K 
(Williams & Wilkins Company, Baltimore, 
U.S. Agents Price, $9.00. 
I'WELVE editions since the first publication of ; 
this text in 1929 attest to the popularity of this Manual of the Common Contagious Dis- 
practical volume. The supject matter is concise eases. By Puimie Moen Stmson. A.B.. 
id nks to vood ed ¢ Oo on 
u thanks t 1 itin ind not too many M.D.. Professor vi ( linical Pediatrics 
contributo) there are nineteen), there is good 
coverage without significant duplication or omis- Cornell University Medical College, and 
sion. The format is convenient and the _ illus Horact Hopes A.B.., M.D.., 
trations ar we unfortunately, Pediatrician-in-Chief, Mt. Sinai Hospital, 
i ) rit 100 shoul find a widk 
' R. K New York. 5th ed. Pp. 624; 84 ills., and 
10 plates, 8 in color. Philadelphia: Lea 
& Fe biger, 1956. Price. $8.50. 


[ne profession will welcome this new edition 


Emergencies in Me dic al Prac tice. Edit d by . 
5 : of a standard text that has been popular since 
C. ALLAN Bircn, M.D., F.R.C.P. 5th ed. its first appearance in 1931. The senior author 


Pp. 684; 155 ills., 12 in color. Edinburgh Doctor Stimson, has associated with him a ca- 

pable work« d teacher in this field octo 
and London E. & §S Livingstone Ltd.. pabl worker and t : h S hi field, Doctor 
ox iho ‘a Hodes, of the Medical Faculty of the College of 
1956 (Williams & Wilkins Company, Physicians and Surgeons of Columbia University 


Baltimore, U.S. Agents). Price, $8.00. R. K 
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